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PREFACE 


This book is the outcome of a desire of many years’ standing to 
further the teaching and the knowledge of invertebrate zoology. Since 
the publication of Lankester’s Treatise on Zoology (never finished) almost 
forty years ago, no advanced text in English on invertebrate zoology has 
Deen available. My original idea was to write a comprehensive labora- 
tory manual with textual co mm ents, but I was dissuaded from this by the 
idvice of zoological^plleagues who were of the opinion that there was 
p-eater need of a text. Whether this advice was sound still remains to 
ie seen, but I am sure that neither they nor I had any conception of the 
nagnitude of the task upon which I started. It soon became evident to 
ne that I could not write the sort of account'of invertebrates which I 

m # 

iad in mind within the confines of a single volume. Gradually the eon- 
eption of the work grew until a three-volume treatise was planned : one 
'olume devoted to the noncoelomate invertebrates, a second volume 
or the coelomate forms except arthropods, and a third volume for the 
rthropods. However, after six years of intensive labor I was still 
nable to complete the first volume, and it was by then evident that such 
volume would be too bulky for convenience. Consequently, it was 
ecided to publish it in two parts, of which this is the first. It includes 


he lowest invertebrates through the radiate forms; the second part, on 
hich considerable work has been done, will be devoted to the acoelomate 
nd pseudocoelomate bilateral animals. The plan of the remainder of 


le work remains unaltered, i.e., the third part will treat the coelomate 
[vertebrates except arthropods, and the arthropods will occupy the final 
olume. However, it will probably prove necessary to split the third 
art between the enterocoelous and schizocoelous groups. 

The mtent of this treatise, then, is to furnish a reasonably complete 
id modem account of the morphology, physiology, embryology, and 
ology of the invertebrates. Classification, phylogeny, and palaeon- 
>logy are given but brief consideration. It is obviously impossible for 
iy one person to have a comprehensive first-hand knowledge of the 
[tu-e range of mvertebrates, and consequently a work of this kind is 
sentiaHy a compilation from the literature. As such it necessarily 
cks the authonty and authenticity of the specialist’., information I 

^^£■£7“"? ‘k ^ l °" ard “"™» -d com! 

two great German treatises -Kukenthal-Kmmhich's fWWl j_ 
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Zoologie and Bronn’s Klassen und Ordnungen des Tierreichs — have proved 
invaluable in assisting me to orient myself in the mazes of the subject . 
References to all sources of the material in the text and to all articles 
which are specifically mentioned in the text will be found in the bibliog- 
raphies at the end of each chapter. In these bibliographies, the titles of 
articles have been shortened in many cases in the interests of economy. 

The viewpoint of this treatise is strictly zoological, and hence, no 
particular emphasis has been placed upon parasitic forms, nor has it been 
deemed within the province of the work to discuss symptoms and treat- 
ments of parasitic infections. The “type” method of presentation has 
been eschewed since one of the major purposes of this treatise is to give 
an extensive account of the range of morphological variation to be found 
within each group. When a subject is simplified by emphasizing or 
limiting the discussion to a type plan or type form, some degree of 
falsification inevitably results, and the student is left with a very narrow, 
and often erroneous, conception of the subject. It is, of course, much 
easier to describe a single animal form than to present a •comprehensive 
account of the group as a whole to which the animal belongs . 

I have made an earnest effort to bring order and clarity into the con- 
fusion of zoological terminology; to define each term precisely and to 
adhere to that definition; and to eliminate homonyms. I do not, how- 


ever, believe that a uniform zoological terminology is feasible because 
of the fundamental differences in structural plan that exist between the 
various phyla. I have not hesitated to drop established terms when they 
appeared to me inept or confusing and have boldly coined new terms when 
these seemed to be badly needed. Among the innovations of the termi- 
nology is the limitation of such words as ectoderm, entoderm, and 
stomodaeum to embryological stages. I realize that many zoologists 
will not like this change, but it seemed to me high time to end a state of 
affairs in which the same epithelium is called ectoderm in coelenterates, 

epidermis in annelids, and hypodermis in insects. . 

Concepts and ideas current in zoological teaching have been critically 

scrutinized in the light of the available facts and have been passed or 
rejected according to the weight of the evidence. In regard to a number 
of matters, the facts were found to be otherwise than usually supposed 
and usually presented in elementary textbooks. Indeed, it has been my 
experience that elementary texts of zoology often contain many erroneous 
or doubtful statements about even the most common and best known 


mV Whenever possible, the illustrations have been made directly from 
living: or prepared material ; and for this purpose several summers have 
blen spent at various marine stations. Other illustrations have been 
redrawn from original sources and an effort has been made to avoid the 
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stock illustrations repeated in a succession of zoological texts. All 
sources of copied figures are given in the bibliographies, and to facilitate 
finding them, the year of publication has been added to the author’s name 
in the figure legends. It seemed to me that an advanced treatise of this 
sort should be profusely illustrated, and hence the number of illustrations 
is unusually large; it has therefore been necessary to reduce their size as 
much as consistent with clarity and to adopt a simple economical method 
of labeling. I realize that larger figures with labels printed in full 
on the figures are easier to follow, but they would have required a vast 
amount of space which it was impossible to provide. The fact that I 
executed the majority of the drawings myself is in large part responsible 
for the slow progress of the work. I am all too painfully aware of the 
technical imperfections of the figures, but I believe they illustrate sufli- 
3iently well the points intended. A considerable number of the drawings 
n the first half of the book were done by Mr. Walter Kessler. 

Grateful acknowledgment is made to Drs. D. H. Wenrich, R. P. Hall, 

ind M. Halpem for lending slides of parasitic Protozoa; to Dr. M. W. 

le Laubenfels and the late H. V. Wilson for lending slides of sponges; to 

3r. M. W. de Laubenfels for a careful and conscientious reading of the 

hapter on sponges; to A. E. Galigher, Inc., Berkeley, Calif., for lending 

everal slides; to the University of Chicago Press for permission to copy 

everal copyrighted figures; to the librarians of the magnificent library 

f the American Museum of Natural History for their unfailing courtesy 

nd helpfulness; and to Dr. G. K. Noble for permitting me to occupy a 

pace m his Laboratory of Experimental Biology during the making of a 
art of this volume. 

Whether I shall proceed with this treatise will depend upon the recep- 

on accorded the present volume. I ask charity for its imperfections in 
lew of the labor involved. 


New York, 
January . 1940. 


Libbie Henrietta Hyman. 
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THE INVERTEBRATES: 

Protozoa through Ctenophora 

CHAPTER I 

PROTOPLASM, THE CELL, AND THE ORGANISM 

I. PROTOPLASM 

The contents of this chapter are intended to serve merely as a brief 
?view of essential facts and concepts that are presumed to be already 
nown to the student but may need to be recalled and further presented 
ith a somewhat broader viewpoint than may be customary in ele- 
mentary courses. 

Life is known to us only as definite formed organized individuals, or 

•ganisms, i.e., plants and animals. It is usually said that organisms 

re composed of living matter, or •protoplasm , but protoplasm Ls unique 

latter in that it occurs only as formed organized beings, and any con- 

deration of it apart from the organism is more or less misleading. The 

•operties of protoplasm are usually listed as physical, chemical, and 
ological. 

Physically, protoplasm is a fluid of changeable degree of consistency 
iscosity), containing visible structures, particles, and droplets of various 
tapes and sizes and bestrewed with particles invisible with the ordinary 
icroscope but evidenced as points of light in the ultramicroscope. Suc h 
fluid containing ultramicroseopic particles, larger than molecules, in 
spension, is called a colloidal solution; and protoplasm is of the type 
town as an emulsoid colloidal solution in which the suspended particles 
e swollen with water. An important property of emulsoid colloids is 
at they may alter from a fluid, watery condition, known as a sol. to a 
misohd state, called a gel, or vice versa. Gelatin, before and after it has 
et,” illustrates the extensive changes of viscosity of which emulsoid 
Uoids are capable. Solation and gelation, probably accomplished by 
ireased dispersion, or aggregation, respectively, of the colloidal par- 
ies, are important processes in protoplasmic activity. The dispersed 
rticles present further an enormous expanse of surface that exhibits all 
s properties of free surfaces in general, being the seat of adsorption of 
emical reactions, electrical charges, etc. The colloidal state is also 
culiarly adapted for permitting changes in the quantity and distribu- 
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tion, imbibition and discharge, of water in the protoplasm, and it greatlv 
affects the chemical reactions occurring in protoplasm and enables a 
number of reactions to occur simultaneously without inte rming lin g The 
remarkable ability of protoplasm to control the passage of materials 
through its surface probably results in part from the physical construction 
of that surface. 

The microscopically visible structure of protoplasm has been the 
subject of numerous studies and controyersies. The essential com- 
ponents of protoplasm haye been in turn considered to be granule, fibrils, 
networks, and alveoli. The spumoid or alveolar theory, deyeloped by 
Butschli. and widely accepted, eyen today, states that protoplasm is com- 
posed of spheres, the alveoli, filled with a clear fluid, the hyaloplasm or 
enchylema. and suspended in a continuous interalveolar substance. Crowd- 
ing of the alyeoli causes the interalyeolar substance to look like a network 
and produces the illusion of a reticular structure. These theories ali 
express partial truths despite the fact that many of the older studies were 
made on fixed, i.e.. coagulated, protoplasm, for living protoplasm does 
undoubtedly contain visible granules, fibrils, and alveoli, either tem- 
porarily or permanently. But these visible structures probably represent 
merely different arrangements of the colloidal particles and none of them 
can be regarded as the seat of life. The vital properties are apparently 
vested in the colloidal ground substance, itself microscopically structure- 
in which visible structure and substances arise by chemical and 
physical change. Experiments show further that this ground substance 
possesses an organization, i.e., a spatial pattern of materials or processes or 
both, which to the present time has not been explained on physical or 

chemical grounds. 

Chemically, protoplasm consists of the same elements that occur in 
the nonliving'world, but these may form combinations which do not exist 
in nature except in living organisms, although many of them can be pre- 
pared in the laboratory, and which are therefore termed organic. The 
organic constituents of protoplasm fall into three large classes— proteins, 
carbohydrates, and lipms-iov a detailed consideration of which works on 
physiological chemistry should be consulted. They are composed oi 
oxvgen . hvdrogen. and carbon in definite proportions and arrangements, 
and in addition proteins always contain mtrogen and often Phosphorus 
and mlphur. Active protoplasm contains < 0 to 96 per cen o wa 
Tro 30 per cent of solid material composed chiefly of the organic com- 
pounds just mentioned and a small quantity of common salts, 
abundant of the latter are sodium, potassium, calcium, an 
as chlorides, carbonates, phosphates, and sulphates 
preset in small to minute quantities are iron, copper, zmc, 

iodine, silicon, and a few others. 



Most 



Other elements 



The salts of protoplasm are thought to 
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exist partly in true solution in the water and partly in combination with 
the organic materials. 

This brief survey of the physical and chemical nature of protoplasm 
could be expanded into volumes, but such compendia of facts have so 
far brought us little nearer the comprehension of those properties ol proto- 
plasm which collectively constitute life and which are termed biological. 
The usual list of these properties is here altered to the following: zm- 
tability, motility, metabolism , growth , reproduction , modifiability , the 
4 psychical property , and organization. 

Irritability is the power of response , that is, of undergoing some 
change when external or internal conditions change. Here is included 
conductivity or the transmission of change. 

Motility or the power of movement, often called contractility , is of 
three sorts in animals: amoeboid , seen as protoplasmic flow; ciliary , in 
which progression results from the beating of hair-like projections; and 
contractile, involving the shortening of fibrillar structures. 

Metabolism is a general term embracing all the predominantly chem- 
ical processes of organisms. These metabolic processes on which the 
maintenance of life depends result in the formation of protoplasm or 
other substances and in the release of energy. The principal metabolic 
processes of animals are digestion , assimilation, oxidation , secretion , and 


excretion . Digestion is the splitting of organic foods into simpler, 
absorbable substances. Assimilation is the building up or synthesis of 
the products of digestion into a variety of substances, including proto- 
plasm. Oxidation or aerobic, better, oxybiotic , respiration is the burning 
of organic substances with the aid of free oxygen for the release of heat 
or other forms of energy. Energy-releasing reactions and transformations 
performed by organisms without the aid of free oxygen are called anaer- 
obic, or better, anoxybiotic , respiration and are chemically of the same 
nature as oxidations. Secretion is the extraction and concentration, 
followed or not by recombination, of materials from the surrounding 
medium to serve the body functions. Excretion, very similar to secre- 
tion, is the active concentration of nongaseous waste by-products of the 
metabolic reactions preparatory to their elimination' to the exterior 
Most of this chemical work is performed with the aid of enzymes remark- 
able bodies secreted by protoplasm and serving primarilv to accelerate 

patly chemical reactions which otherwise would occur so slowly as to 
be useless to the organism. 


Grmcth is increase in volume chiefly through the production of new 

fr ° m f00d ' Changes 111 water con <ent are also commonly 


° rigination of new organisms from preexisting 
ones and is so far as known the only mode of origin of organisms. It i l 
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of two general sorts: asexual, in which the reproductive process dot's not 
involve the fusion of two cells; and sexual, where such fusion is the neces- 
sary starting point of the new organism. Here may be included develop- 

merit or embryology, the orderly sequence of changes from the fertilized 
egg to the young animal. 

Modifiability, possibly only another manifestation of irritability, is 
used here to express the ability of organisms to change their responses and 
structure. Even in the simplest animals there exists between a stimulus 
and a response the possibility of an unpredictable modification of behav- * 
ior, in contrast to the fixity of response in the inorganic world. Under 
this head may also be included adaptation or the correspondence between 
the structure and activities of organisms and, their environment and mode 
of life. While every organism must be adapted in order to live at all, 
more exact adaptation has presumably arisen through change in organ- 
isms. Here, too, we may list variation, or small fluctuations in organiza- 
tion, and evolution, that continuous progression through the ages in 
structural complexity and skill of functional performance. 

The psychic property, called by some authors consciousness, is difficult 
to define without recourse to objectionable terms. It expresses that 
which is known in human beings as mind and which biologists believe is 
traceable through the animal kingdom down to the simplest forms where 
it probably merges with irritability and modifiability. 

Organization is inseparable from protoplasm, and the phenomena of 
life spring from this organization. Nothing is known of its nature but 
it is presumed to consist of a spatial arrangement or pattern of materials 
or processes or both. It expresses itself visibly as differentiation or the 
formation of specific structures and parts related to particular functions. 
These parts commonly exhibit polarity and symmetry, i.e., they are 
arranged in geometrical patterns. Under organization may be included 
correlation or integration, the harmonious unified functioning of the parts 
of an organism, and regulation or regeneration, i.e., the return to a stable 

organization when the original one has been disturbed. 

A living organism is recognizable by the foregoing biological prop- 
erties. Attempts to define life other than as the sum total of these 

properties have proved unsatisfactory. 


II. THE CELL 

Organisms may consist of an undivided mass of protoplasm but usu- 
ally on microscopic examination are seen to be divided by partitions into 
minute portions called oils. This fact of the cellular coostructron of 
organisms teas first emphasized in 1839 by two msrestigator, named 
Schleiden and Schwann. Organisms are said to consist of one cel 
many cells, to be unicellular or multicellular, respectively, but it would be 
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preferable to describe them as acellular and cellular, and this terminology 
will be here employed. 

So far as known, even the simplest cells or acellular organisms always 
contain a special differentiated material, the chromatin, scattered through- 
out the protoplasm in a few cases but in the vast majority located along 
with other materials in one or more formed bodies, the nuclei. A cell is 
commonly defined as a mass of protoplasm containing a nucleus but would 
be better described as one nucleated division of an organism. The term 
protoplasm was first applied to the cell contents by Purkinje in 1840 for 
embryonic animal material and by von Mohl in 1846 for the substance of 
plant cells. The term in present usage generally signifies the entire cell 
contents or entire substance of acellular organisms including the nucleus. 
The protoplasm outside the nucleus is designated the cytoplasm or cyto- 
some but protoplasm and cytoplasm are often used synonymously by 
biologists. 

Although cells and acellular organisms usually contain a single nucleus, 

protoplasmic masses and organisms containing many nuclei and not 

divided up into cells are not uncommon and are probably widespread in 

embryonic materials (Fig. 1A). Such a multinucleate mass is called a 

syncytium when part of a cellular organism, and a plasmodium when an 

independent amoeboid organism. As interchange between nucleus and 

cytosome is essential to life and as each nucleus can interact with onlv a 

limited amount of cytoplasm, larger undivided protoplasmic masses are 

necessarily multinucleate. Some believe that in a given material under 

given conditions there exists a definite ratio of nuclear to cytoplasmic 

mass, the karyoplasmic ratio of R. Hertwig. Protoplasmic connections 

in the form of delicate strands called cell bridges or plasmodesma between 

cells apparently definitely bounded are not uncommon, especially in 
plants. 


Acellular organisms and the various types of cells found in cellular 

organisms all exhibit much the same fundamental construction, and this 

fact permits the somewhat idealised description of a typical cell given in 

books. Here we shall simply list the sorts of structures most widely 
occurring in cells and acellular animals. 

1. The Cell Parts. — The visible or morphological structures of cells 
have been divided by Meyer into three classes: protoplasmic or active liv- 
ing parts; aUoplasmic or less active living parts, as cilia, flagella, and fibrils • 
and ergastic or nonliving materials. It seems inadvisable to attempt to 
distinguish different grades of living parts but the conception of ergastic 
substances, also called inclusions, paraplasm, and metaplasm, is useful. 

he cell parts will here be considered as of two sorts: the organoids or 
formed morphological elements, and the ergastic substances, lifeless 
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a. The Plasma Membrane and the Cell Wall.— The surface of the 
cytosome is differentiated as the plasma membrane, also called ectoplast 
(Fig. 15). It is not a separable membrane but is the altered surface 
of the cytoplasm that is formed whenever cytoplasm is exposed to the 
surrounding medium and that loses its properties upon death. It is 
probably a protein gel containing lipins and calcium. The ectoplast 
possesses the remarkable property of selective permeability, regulating the 
passage of materials in and out of the cell, peimitting some to pass, 
excluding or ret ainin g others. Functional alterations of permeability 
occur and may be of great importance in cell activities. 

Some cells, often termed naked cells, are bounded simply by the ecto- 
plast (Fig. 15), but generally an additional layer, called the cell wall, 
is present external to the ectoplast. This varies from the very' thick 
cell walls of plant cells (Fig. 1C) composed of cellulose and other carbo- 
hydrates, to the thinner, less obvious walls of animal cells, seldom contain- 
ing carbohydrates but usually nitrogenous. Generally in cellular animals, 
the cell wall is merely a thin partition but in some cases is increased to 
form a large mass of material, called intercellular substance, in which the 
cells lie imbedded (Fig. ID). Although opinions differ, the cell wall and 
the intercellular substances are probably' lifeless, ergastic products. 

b. The Nucleus. — The nucleus is usually spherical or ellipsoidal, but 
ribbon, branched, and other shapes occur (Fig. 1 E-G). It may consist of 
several nearly separate pieces and is then called a polymorph nucleus. 
As to construction there are three kinds of nuclei: vesicular, massive, and 
scattered. The great majority of nuclei are vesicular, that is, contain 
solid stainable material embedded in a clear transparent nuclear sap 
(Fig. 1 H). The solid material usually takes the form of a network but in 
the nuclei of many Protozoa occurs as a solid central body, the endosome 
(Fig. 15, L), surrounded by a zone of nuclear sap. Massive nuclei 
appear to consist of solid, nearly homogeneous material without nuclear 
sap. In scattered nuclei, the essential nuclear material, the chromatin 

• / y 

is not contained in a definite nucleus but is scattered through the cyto- 
some as small granules called chromidia (Fig. L L). Cells usually possess 

a single nucleus, but the occurrence of two to many nuclei is common in 
Protozoa. 


The ordinary vesicular nucleus is enclosed in a definite nuclear mcm- 
ne, having properties similar to those of the ectoplast. The nuclear 
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eome; 13. mitochondria; iVchromid^ net! ■^Tnofibn/s of^cUu! 
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contents consist of a clear, apparently homogeneous nuclear mn or 
karyolymph of variable consistency, and the nuclear network embedded 
herein. The structure of the nuclear network or reticulum is uncerta.n 

is usually held that it is made of a lightly staining net of achromatm or 
limn on which are strung granules or droplets of deeply staining chromatin, 
but it is possible that both materials are simply different chemical phases 
of chromatin, a lightly staining oxychromatin and a deeply staining bast- 
chromatin . Chromatin is the important constituent of the nucleus and 
differs from other cell proteins in its high phosphorus content. Besides 
the structures already enumerated, nuclei nearly always contain one or 
more small spherical bodies, the nucleoli , which are of two sorts: true 
nucleoli or plasmosomes (Figs. 1 H, 2 C), and chromatin nuclei or karyo - 
somes. The former, of unknown function, stain like cytoplasm and are 
devoid of chromatin. The karyosomes consist of chromatin and are 
simply larger masses of this substance. 

The function of the nucleus has been investigated by comparing the 
activities of nucleated and nonnucleated parts of acellular organisms. 
Such observations show that nonnucleated parts may live for a time and 
display some protoplasmic activities but are unable to assimilate food or 
grow or construct formed elements, that is, they have lost the ability to 
perform synthetic or constructive metabolism which may then be con- 
sidered the chief function of the nucleus in ordinary cell life. 

c. Mitochondria or Chondriosomes. — These organoids, widely dis- 
tributed in plant and animal cells, occur as granules, rods, or filaments in 
the cytosome (Fig. IK) . They can be seen in living cells and made con- 
spicuous in fixed cells after certain methods of preparation. They have 
been shown by Bensley and Hoen to consist of fatty substances and 
proteins. Their function is uncertain, but they appear to take part in 
the formation of other organoids and of secretions. The total mito- 
chondrial content of a cell is termed the chondriome. 

d. Chromidia. — This term should be reserved for chromatin granules 


scattered in the cytosome (Fig. 1 L). They are stated to occur in some 
bacteria, algae, and Protozoa and may take the place of a nucleus or 
coexist with an ordinary nucleus from which they are supposed to origi- 
nate. Their occurrence in animal cells may be gravely doubted as the 
supposed chromidia! granules and networks are probably mitochondria. 

e. Secretory Granules. — In cells with secretory functions, the secre- 
tion usually first appears as granules which subsequently discharge to the 
exterior. In many cases, these granules are preliminary stages in enzyme 

manufacture and then are called zymogen granules (Fig. IJ). 

f. Microsomes.— Besides the foregoing types of granules and a 
variety of ergastic granules, to be mentioned later, cytoplasm usually 
exhibits a fine granulation, which seems to be an integral part of its 
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construction (Fig. 1 B). The nature and function of these cytoplasmic 

granules, or microsomes, are quite unknown. 

g. Fibrillar Organoids. — Various sorts of fibrils are common elements 

of cells and serve supporting, contractile, and conductile functions. 
The numerous fibrils that anchor cilia and flagella are probably example* 
of supporting fibrils or tonofibrils (Fig. 1M ). Fibrils that seem to be 
essential to the contractile process are usually present in contractile 
cells and are known as myonemes (Fig. 1 G) or myophan striatums in proto- 
zoan cells, and as myofibrils in muscle cells. Conductile protoplasm 
commonly provided with fibrillar elements, the neurofibnh (Fig. 2.4.). 

h. Plastids. — Plastids are bodies of various shapes and sizes, charac- 
teristic of plant cells, limited among animal cells to those with plant-like 
metabolism. Colorless plastids are called leucoplasts; but plastids are 
generally colored and are then named chromoplasts . The most common 
chromoplast is the chloroplast (Figs. 1C, 2 E), which contains the green 
coloring matter of plants, chlorophyll . Plastids in general are centers of 
chemical activity, virtual manufacturing depots for various products. 
They reproduce by division and may possibly arise directly from 

protoplasm. 

L Vacuoles. — Vacuoles (Fig. 1 B), much more common in plant than 
in animal cells, are cavities filled with a watery fluid and enclosed in a 
membrane that is probably similar in composition and properties to the 
ectoplast. Protozoan cells frequently possess a special sort of vac- 
uole, the contractile vacuole , which discharges its contents by rhythmic 
contractions. 

j. Golgi Apparatus. — This is a material, probably of a fatty nature, 
that, after the application of osmic acid or silver salts to cells, appears as a 
network or as isolated rods, granules, and spheres (Fig. 2D). It was dis- 
covered in 1898 by a cytologist named Golgi. Its structure and function 
are much debated owing to the highly artificial treatment required to 
render it visible. Some consider it identical with a system of canals, 
the trophospongium y which has been found permeating the cytosome of 
some cells; others consider it homologous with the system of vacuoles, or 
vacuame, of plant cells. Much evidence now indicates that the apparatus 
is concerned in secretion. 

k. The Cytocentrum, Microcentrum , or Central Apparatus. — This 
structure consists of one, two, or several small granules, or rods, the 
centrioles, encircled by a sphere of altered cytoplasm (Fig. 2B). This 
sphere may be a definite round body, the centrosome , L but more commonly 
comprises a zone of hyaline or granular cytoplasm, variously known as 
the sphere , centrosphere, attraction sphere , archoplasm , etc. From or near 

l This restricted usage of the word centrosome is taken from E. B. Wilson, The 
Cdt »« Development and Heredity . 
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the centriole. ra-\ 

■ 

cytocentrum is 


-s may radiate into the cytoplasm, forming the aM. r The 
concerned with the division of cells and hence usually 



Fig. 2. — Ceil structures and inclusions. A. Ganglion cell from the brain of a leech, 
showing neurofibrils. (After 1903.) B. Amphiastral mitotic figure, metaphase of 

the first cleavage of the egg of the echiuroid Thalassema. (After Griffin , 1S99.) C. Egg 
of a polyclad flatworm. section, showing yolk spherules. D . Golgi apparatus, nerve cell 
of the snail Planorbis . (After Kolatchev , 1916.) E. A species of Euglena , from life, showing 
chioroplasts and three paramylum bodies. F. Euglena gracilis , stained to show volutin 
grains. (After Baker, 1933.) " G. Paramecium , from life, after Sudan III staining, showing 
the numerous fat droplets. H. Xyctotherus. a parasitic ciliate from the cloaca of the frog, 
stained to show glycogen particles. (After Barfurth, 1SS5.) /. Digestive epithelium of a 

fresh-water planarian. section, showing two phagocytic cells whose vacuoles are filled with 
fat in life and a club cell containing reserve protein spherules. 1, neurofibrils; 2, centrioles; 
3. cemrosphere; 4. aster; 5. spindle: 6, equatorial plate of chromosomes; 7, plasmosome; 
8. yolk spheres: 9. nucleus; 10, Golgi network; 11. chioroplasts; 12, paramylum body; 13, 
volutin grains; 14, fat spheres; 15. glycogen; 16, protein spherules. 


appears only when division is imminent ; but it may persist in cells between 
divisions and is a permanent organoid of some cells that never divide. 

Its role in such cases is obscure. 
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L Ergastic Substances, Inclusions, Metaplasm, Paraplasm. These 

various names are applied to the inactive or lifeless materials that exist 
in cells as granules, spheres, or droplets and commonly represent stored 
or reserve food. Carbohydrates occur widely in plant cells as starch 
grains but in animals are stored as paramylum (Fig. 2 E), a special kind 
of starch, or as glycogen (Fig. 2 H). Fats and oils (Fig. 2 G, J) are present 
in cells as droplets of various sizes, and other more complicated hpins 
may also occur. Egg cells contain spherules or droplets known a? yolk 
or deutoplasm composed of proteins and lipins (Fig. 2C). Stored protein 
granules (Fig. 2 J) are not very common in animals. Volutin grains, 
consisting of phosphorized proteins, occur in the cells of many lower 
forms and apparently constitute preliminary stages in chromatin forma- 
tion (Fig. 2 F). Pigment granules cause most animal colors and occur in 
various cells or in special cells termed pigment cells or chromatophores. 
Inorganic or organic crystals of varied chemical composition are not 
uncommon, especially in plant cells. Secretory granules, cell walls, and 
intercellular substances are often classed as ergastric materials. 

2. Polarity. — Besides these morphological elements, cells possess an 
invisible organization that experiment shows is not vested in the organoids 
but resides in the ground substance. It expresses itself as polarity and 
symmetry , which may be defined as an arrangement of function and 
structure with respect to imaginary axes and planes. Examples of 
functional polarity are seen in the one-way conduction of nervous paths, 
the formation of secretory granules always in one end of gland cells, etc. 
Corresponding to such polarization of function there is nearly always a 
polarized arrangement of organoids and ergastic substances. Theories of 


cell polarity are of two sorts, morphological and physiological. The 

former seeks the cause of polarity in a polarized arrangement of invisible 

materials or an orientation of molecules in the ground substance. The 

second theory regards polarity as consisting in a graded difference in rate 

of metabolic reactions at different levels of the cell (metabolic gradient 

theory of Child) and as originating through the action of external factors 
upon the cell. 


3. Cell Theory. — In the decades that followed the discovery of cells, 
emphasis was laid on the cellular construction of organisms and on the 
individuality, independence, and properties of cells. The organism was 
regarded, not as a functioning whole, but as a mosaic of multitudes of 
elementary units, the cells, and its properties merely as the sum of the 
properties of these units, a view termed the cell theory. A typical state- 
ment of the cell theory is that of Virchow (1858) : “Every animal appears 
as a sum °f vital units, each of which bears in itself the complete char- 
acteristics of life. 1 Such a statement is inadmissible today. An animal 

arui Hereditu^ Wb ° n **** ^ ° f the 0pening chapter of The CeU « Development 
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ii not a sum of vital units but a functional whole. The complete char- 
acteristics of hie are manifested by organisms., not by cells, which an* to 
be regarded merely as structural parts of an organism. Organisms am 
composed of cells presumably because the cellular construction possesses 
certain advantages: morphologically, it permits of greater differentiation 
with increased efficiency of performance: physiologically, by breaking up 
the protoplasm into small units, it creates an immense amount of surface 
and greatly facilitates the interchange of food materials and respiratory 
gases and the eli min ation of metabolic wastes. Furthermore, the sup- 
port of cell walls and intercellular substances permits increase in size. 

4. Cell Division. — Cells come into being only by the division of 
preexisting cells. The important process in the division of cells is the 
nuclear behavior. The nucleus divides either by the direct amitotic 
method or the indirect mitotic method. 

a. Direct Division or Amitosis.— In direct division the nucleus simply 
constricts at the middle and draws apart into two halves. This process, 
originally supposed to be the regular mode of nuclear division, is now 
recognized as rather infrequent. It occurs in some Protozoa (Fig. 3.4), 
in certain gland cells, and in embryonic tissue. Although one group of 
observers considers amitosis to characterize rapidly growing and rapidly 
metabolizing regions, the dominant opinion at present regards it as 
evidence of degeneration and senility. In many cases where the nucleus 
has been observed to divide amitotieally, no cytoplasmic division ensues 
and consequently the process is not truly one of cell multiplication. 
Recently, however, it has again been maintained that a highly modified 
mitosis, resembling amitosis, occurs during rapid growth as in developing 
embryos t'Stough). 

b. Indirect Division or Mitosis. — This is the regular mode of division 
of almost all cells. The nuclear division is a complex process and is 
called karyokinesis; the cytoplasmic division is named cytokinesis. For 
the complete det ails of mitosis the larger works on cytology should be 

consulted, as only a brief review can be given here. 

Mitosis begins by the condensation of the chromatin of the nuclear 

into threads of chromatin that subsequently shorten and 
thicken and are known as chromosomes. Very early there appears in 
each chromosome a lengthwise split. Meantime the nuclear membrane 
has dissolved and disappeared so that the chromosomes lie free m the 
cvtopiasm. Thev are definite in number and form m each species and 
vary from short 'ovals to slender filaments, often bent at some point. 

The chromosomes constitute the chromatic figure. 

Meantime there has been forming in the cytoplasm the o^ron^c 

which in animal cells is usually of the amphiastral type (Fig. 2B). 



figure 
This is initia 


ted bv the evtoeentrum, which if not already present puts in 
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an appearance as mitosis begins and if not already double very soon 
divides in two. Astral rays, if not previously present, form and the two 
cytocentra, each consisting of centrioles, sphere, and aster, draw apart 
until they come to He at the opposite ends of the group of chromosomes. 
As the cytocentra move apart there is seen (in fixed preparations only) 
between them a fibrillar structure, named from its shape the spindle, 
which usually consists of central fibers running from one cytocentrum to 





Fig. 3. Cell division. A. Paramecium in division, the maeronucleus dividing bv 
amitosis, the micronucleus by mitosis, stained slide. ( Courtesy Miss Dolores Brocket! ') 

6U n ’ A e l m T’' 3 ' ma "° nucleus ' B - Anastral figure in meiosis, pollen mother 
cell the larch. (After Dense, 1922.) C. Enlarged view of tetrads, spermatocyte of the 
polychaete annelid Tomopteris . ( After the Schreiners , 1916.) 

the other, and of peripheral half fibers attached at one point to the 

c romosomes. The spindle and astral fibers apparently do not exist as 

such m life but may be fluid channels in the cytoplasm. Cytocentra 

asters, and spindle constitute the achromatic figure; achromatic and 

chromatic figures together constitute the mitotic or karyokinctic figure 

which in the case described is of the amphiastral type. In some forms’ 

and commonly m plant cells, cytocentra and asters are absent, and such a 
karyokinetic figure is termed anastral (Fie- RR\ 
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The chroi 




.‘Some* arrange themselves across the center of tb< 
te-Mtcuaieruil plat.: ami -marate into two halves along the long.rol.naJ 
-■r.H aircaav talent. and each half moves towards the nearest ( -vt, 

. Arrived at the cytoeemruro the group of chromosoru.l -ran- 
teims mto the reticulum of an ordinary ” resting” nucleus, ana a 
nuclear membrane appears. Meantime the eytosome undergoes divi- 
sion. usually, m the amphiastral type, by the formation of a furrow which 
deepens and constricts the cell in two. Cytokinesis may also be accom- 
plished by the laying down of a cell wall between the two daughter cells. 
A- *he completion of mitosis, spindle, asters, and cytocentrum usually 

disappear but the cytocentrum may remain visible in a dormant condi- 
tion until the next mitosis. 

c. Meiosis or the Reduction Divisions. — In the life cycle of all 
a nima ls with sexual reproduction there occur two peculiar successive 
divisions called the reduction or maturation or meiotic divisions <Fig. 3 B). 
In nearly all cases they take place during the ripening of the sex cells, 
but in some Sporozoa they happen in the first divisions of the fertilized 
egg. These di visions serve to reduce the ordinary number of chromo- 
somes present in the cells of each species {somatic or diploid number) to 
one half haploid number) and thus prevent the doubling of the diploid 
number when the sex cells fuse. The mitotic events preparatory to the 
reduction divisions are peculiar. The essential feature is the close asso- 
ciation of the chromosomes side by side in pairs, a process termed synapsis. 
Each member of the pair develops a longitudinal split so that the resulting 
body, called a tctra*i or quadrivalent, is made up of four half chromosomes, 
or chromatids. Tetrads are of unmistakable appearance for they usually 
assume bizarre shapes, such as rings, crosses, double crosses, etc. (Fig. 
30. There now ensue in rapid succession two mitoses, one of which, 

usuallv but no: alwavs the first, is the true reducing or heterotypic division, 
* * ^ 

in which the two chromosomes •- possibly altered by exchange of parts) 
which conjugated at synapsis separate. The other division is an ordinary 
one along the longitudinal split that developed in tetrad formation. The 
cells resulting from the reduction divisions possess the haploid number of 

chromosomes. 


THE ORGATTCSM 


L Theories of the Organism. 


already emphasized 


lanifests 


oiu, - vhich exhibit definite size, form, and 

spatial arrangement of pans, are structurally differentiated m relation to 
their mode of life, and in most cases pass through a remarkable process of 
development. Explanations of these properties since the beginning of 
modem zooloev in the eighteenth century tend to follow a few recurrent 
imes of thought. As remarked by Woodger in Biological Principles, 
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these explanations are usually stated as antitheses, such as form and 
function, preformation and epigenesis, mechanism and vitalism. < t< 

Since anatomical knowledge developed earlier than physiological or 
embryological information, the question of the cause of adult torn. soon 
received attention. Two schools of thought arose that m one lorrn <>r 
another still pereist. The one school, headed by the great comparative 
anatomist Cuvier (1769-1832), maintained that form is determined or 
caused by function, i.e., mode of life, that correlation of anatomical parts 
for the harmonious functioning of the whole is the essential feature of 
animal form, and that several types or plans of form exist. The view 
that structure has arisen for the purpose of accomplishing certain func- 
tions in correlation with a specific environment or mode of life i- desig- 
nated teleology or purposivencss in nature. The opposite school, under 
the leadership of G. St. Hilaire (1772-1844), insisted that form is primary 
and precedes function and that all animal form can be reduced to one 
ideal morphological type or pattern. This explanation, that the forms 
of animals are simply variations from an ideal, preexisting plan, clarifies 
philosophically as transcendentalism. The submergence of transcen- 
dentalism, through Cuvier's decisive proof that the facts of adult anat- 
omy do not support the one-plan theory, was only temporary, however, 
and transcendentalism underwent a strong revival following the enuncia- 
tion of the evolution principle by Darwin in 1859. This revival was due 
chiefly to Ernest Haeckel (1834-1919) whose ideas and those of the many 
great morphologists of the last half of the nineteenth century are essen- 
tially transcendental with their search for homologous parts, primitive 
types, generalized forms, transitional species, archetypes, etc.; their 
insistence on anatomy as the sole criterion; and their disregard of func- 
tion. The old search for the ideal ground plan is revived in Haeckel's 
gastraea theory (page 250) with its at tempted derivation of all the Metazoa 


from the gastrula. The dominance of such ideas in present-day zoological 
teaching is obvious, but the question involved, namely the role of funct ion 
in the production of form, cannot be said to have received any answer. 
Probably the majority of zoologists today hold that variations of form 
arise through hereditary processes, that animals seek environments and 
situations to which such chance-inherited structural deviations fit them, 
and that therefore there is no direct causal relationship between environ- 
mental factors and adaptive structures. Others, however, find this 
explanation inadequate and believe with Cuvier that the wonderful 
adaptations seen in organisms somehow result from the interaction of the 
organism with its environment through function. 

Quite analogous to the dispute over the nature of adult form was that 
regarding embryonic development. Here also two opposed ideas arose— 
preformation and epigenesis. The former, reaching its climax with 
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Bonnet (.1 -.0-1 <931, maintained that the adult is represented in nunm 
ture m the egg (or sperm) and that development consists merely m 
unfolding 1 of that already present. The opposed doctrine of , p )K ,, i( ^ 
declared that the egg and early embryo are actually as formless v they 
appear and that the adult develops from them by a real process uf struc- 
tural elaboration. ^Evidence presented by C. F. Wolff (1733-1794) and 
Iv. E. von Baer (1< 92-1876) from the study of developing embryos led 
to the general acceptance of the epigenetic viewpoint. However, toward 
the end of the nineteenth century, research on the development of por- 
tions of eggs and embryos revealed an underlying organization of the egg 
that is definitely related to the form and localization of parts of the future 

Furthermore, since the eggs of two different species develop 
under identical external conditions into two different animals, it follows 
that some intrinsic difference, which may' be called their organization, 
exists between two such eggs. Thus a certain amount of preformation 
must be assumed as operating in development. At the same time, the 
epigenetic viewpoint has been greatly strengthened by the fine of research 
called by its founder, W. Roux, Enturicklungsmechanik, which may be 
freely translated as causal morphology, or the study of form-determining 
factors during development. This work, constituting one of the most 
active branches of present zoological research, has demonstrated the 
importance of interactions of parts and spatial relationships during devel- 
opment. Thus modern embryology holds that development is both 
preformative in a broad sense and epigenetic. 

Despite the great mass of evidence pointing to the epigenetic nature 
of much of the developmental process, there still remains in modem 
biology a strong school of thought that is in its essential nature rigidly 
preformistie. One refers here to what Delage called the particulate or 
micromeristic theories of development. Such theories assert that the 
bodv cells contain a multitude of particles, capable of assimilation, 
growth, and reproduction, that these particles represent all the body 
characters, and that they operate during development to cause the 
appearance of the typical morphology of the species. Particulate theory 
has prevailed in biology since the Greeks and at present takes the form 
of the widely accepted chromosome-gene theory, according to which all 
the body characters are vested in particles, the genes, located in the 
chromosomes of the nuclei. All particulate theories are intellectually 
unsatisfactory since the very matters for which explanation is sought are 
-“-buted without explanation to imaginary particles. A tremendous 
of evidence certainly relates the chromosomes to at least some body 


ass 


characters but it is impossible that the genes alone can be responsible 

1 Preformation was hence also termed evolution, i.e., an unfolding, the original 
meaning of the word evolution. 
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for morphological differentiation, since all body cells contain the same 
set of genes. The role of the genes in morphogenesis remains a total 
mystery, and in addition the gene theory is difficult to reconcile with the 
facts of experimental embryology, which show that the fate of a part 
can be profoundly altered by altering surrounding conditions. 

All recent particulate theories in biology derive in fact from that 
biological theory called the mechanistic or physicochemical explanation of 
life, and this in turn developed from the materialistic physics and chem- 
istry of the nineteenth century, according to which the universe consists 
ultimately of particles of matter moving through space. This conclusion 
was reached through the analysis of matter into molecules and atoms, and, 
naturally, when the same analytic mode of thought was applied to biology , 
similar particulate conceptions resulted. The mechanistic or physico- 
chemical theory of life means the belief that all vital phenomena can be 
fully explained in terms of physics and chemistry and will be completely 
known to us as soon as physical and chemical knowledge has progressed 
sufficiently. The organism as a whole (when not altogether neglected) 
is conceived as a machine operating entirely in accordance with physical 
and chemical laws. Following the example of the physical sciences, 
biologists studied organisms by applying physical and chemical methods 
to their parts and so successful have been these procedures in accumu- 
lating information that the physicochemical theory has come to be almost 
universally accepted and forms the working basis for practically all 
biological research today. Physicochemical investigation has achieved 
an illusory success by neglecting such matters as correlation, organiza- 
tion, adaptation, evolution, and psychic properties or by inventing special 
particulate theories for them. 

The chief objection to mechanism lies in the analytical procedure 
followed. The organism is studied by selecting from it certain parts 
which are then subjected to intensive investigation. The information 
thus obtained is very fragmentary; the synthesis of physicochemical 
facts about the parts of organisms cannot reconstruct for us the living 
being. The analytical method of investigation disregards and destroys 
organization and organization is life. Further, as remarked by J. S. 
Haldane, when only physical and chemical methods are employed, only 
physical and chemical facts are forthcoming. The whole is not to be 
understood by an analysis of its parts any more than an architectural 
masterpiece can be comprehended by chemical and physical analysis 
of the stones of which it is built. The conception of the organism as a 
physicochemical machine encounters the insuperable difficulties of 
explaining a machine which runs itself, repairs itself, alters itself to meet 
the exigencies of surrounding conditions, and reproduces itself; and what 
is still worse, attains its final form by developing from a simple beginning 
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through an orderly sequence of forms and evolves through t.me mu, a 
f K ' n machines ot ever-increasing complexity of constru.-t.on 

Finalh . as pointed out by several writers, the mechanistic theory of hie 
tvas based on nineteenth century materialistic physics that ha. t 
largeiy modified. 




A small number of biologists, dissatisfied with the physicochemical 
theory, have proposed other ways of regarding organisms. They fall mro 
two camps, the vital ists and the organicists. Vitalism or an warm of 
which the chief exponent today is Hans Drieseh, is the belief that the 
properties of organisms cannot be explained except by postulating some 
mysterious force or agency (. entdechy ) that controls form and develop- 
ment and directs 1 activities. This theory cannot be disproved but i< not 
acceptable to most biologists and further renders experimentation futile. 
The organismal viewpoint, advocated by Ritter, Woodger, J. S. Haldane, 
E. S. Russell and others, maintains that biology should study entire living 
organisms, not merely the physics and chemistry of their isolated pans; 
and that as physical and chemical facts and laws pertain to the inorganic 
world so also there may be biological facts and laws pert aini ng to organ- 
isms. which will be concealed from us as long as biological research con- 
tinues to be l i m ited by physicochemical procedure. The orga nism b a 
functional unity, all of whose parts cooperate for the good of the whole 
and for the maintenance of the whole in a changeable environment, and 
its properties are to be understood only from this viewpoint. Growth, 
form, response, reproduction, development, adaptation, heredity, and 
evolution are manifestations of the whole and are hardly to be under- 
stood by analyzing the organism into elements, whether these be physical, 
chemical, or morphological. 

2. Animal Form. — Morphology reveals that animals fall into a num- 
ber of groups, each with its own characteristic anatomical construction, 
and that these groups or phyla, when considered from the standpoint of 
general symmetry, combine into a few types, as long ago remarked by 
Cuvier. Current zoological ideas on symmetry derive chiefly from 
Haeckel. By symmetry is meant an arrangement of parts into geometri- 
cal designs, although the idealistic patterns of geometry are never fully 
realized in nature. Animals classify as follows with regard to symmetry. 

o. .4 symmetrical or .4 v axial. — The body lacks definite form or goo- 
metrical arrangement of parts and cannot be divided by planes into like 
portions. Most sponges and some Protozoa. 


1 This definition is what most biologists understand by vitalism. There are other 
conceptions called vitalism by some ci. Lovejoy, 1011). Vitalism defined as orgamc 
autotomv or the doctrine of logical discontinuity between the inorganic and the 
organic— the doctrine that if you knew all the motions and configurations of the 
particles of a living body, you could not predict what the actions of that living body 
would be— appears to the author to be indistinguishable from orgamcism. 
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b. Spherical or Homaxud Apolar Symmetry (Pig. 4 A). The body has 
the form of a sphere with parts arranged concentrically around or radi- 
ating from a central point. Through the central point an infinite number 
of planes can be passed that divide the body into like halves. All axes 
through the central point are apolar , i.e., their ends are alike. Some 
Protozoa (Heliozoa, Radiolaria). 

c. Radial or Monaxud Heteropolar Symmetry (Fig. 4 B ). — The body 
has the general form of a short or tall cylinder with one main longitudinal 
axis around and along which the parts are arranged. This main axis 




Bio. 4. — Diagrams of symmetry. A. Spherical symmetry. B. Radial symmetry of 
the tetramerous type; the halves produced by section along any two diameters at right 
a n g l es to each other are identical. C. Biradial symmetry; the halves produced by section 
along the sagittal and transverse diameters are not identical. D. Bilateral symmetry, 
with differentiation of dorsal and ventral surfaces. 1, perradius; 2, interradius ; 3, adradiua; 
4, sagittal axis; 5, transverse axis. 


is heteropolar, i.e., its two ends are unlike, one being the mouth, oral, or 
anterior end, the other the anal or aboral or posterior end. It is named 
the longitudinal or anteroposterior or oral-aboral axis. Any plane passing 
through the longitudinal axis divides the body into like halves. In very 
few radially symmetrical a nimals are all possible radii from a central 
point to the periphery in any one cross section alike, but usually organs 
or special parts are located along a limited number of symmetrically 
arranged perradii and the regions between such radii are termed interradii. 

with half of the interradius to either side of it has been 
_ paramere. Echinoderms and most coelenterates. 

Biradial Symmetry or Dissymmetry (Pig. 4(7). — The remaining two 
^J^rf^ametry are triaxUd, i. e ., they have three axes of symmetry, 

sagittal, and transverse. In the biradial type, one particular 
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diameter, termed the sagittal axis, is different from the other* The 
diameter at right angles to the sagittal axis is termed the trarwrer* art* 
and may be different trom or the same as the others. Both sagittal and 
transverse axes are a polar, since there is no differentiation into dni-al 
and ventral surfaces. There are two planes of symmetry, one through 
the longitudinal and sagittal axes, the other through the longitudinal and 
transverse axes. The biradial type seems to have been derived from the 
radial type primarily by the elongation of the mouth and associated parts, 
thus creating a sagittal axis. Ctenophores and most Anthozoa. 

e. Bilateral Symmetry (Fig. 4D).— This type has three axes of sym- 
metry like the preceding, but the sagittal axis is heteropolar. running 
between the dorsal and ventral surfaces, which are markedly differ- 
entiated. The transverse axis is apolar, as in the biradial type' There 
is but one plane of symmetry, the median longitudinal or sagittal plane 
passing through the longitudinal and sagittal axes and dividing the animal 
into symmetrical right and left halves. All remaining animals. 

/. Asymmetrical Modifications of Bilateral Symmetry. — These are of 
common occurrence and include the spiral coiling of part of the body, the 
dimin ution or displacement or disappearance of organs of one side as a 
result of compression, the displacement of parts through the habit of 
lying or being fastened on one side, the formation of locking mechanisms, 
as in the shells of bivalves, and one-sided alterations of appendages for 
protective, sexual, or other purposes, as in the claws of the lobster. 

Some other features of animal form may be listed here. 

g. Antimeres . — Symmetrically corresponding parts, anatomically 
identical, as right and left limbs or the arms of a starfish, are called 
antimeres . 

h. Metamerism. — The serial repetition of antimeres along the longi- 
tudinal axis is called metamerism or segmentation , and each part, con- 
sisting of right and left antimeres, is called a segment or metamere . 
Segmentation necessarily occurs only in bilaterally symmetrical a ni mals. 
Segmentation is homonomous when all of the segments are approximately 
alike and heteronomous when they differ considerably among themselves. 
The heteronomous condition always appears first at the anterior end and 


progresses posteriorly. 

t\ Cephalization. — Cephalization is the differentiation of the anterior 
or oral end into a definite head and is always accompanied by concen- 
tration of nervous tissue in the head. Heteronomous segmentation is an 


expression of cephalization. 

j. Polarity —It will be observed that polarity or differentiation along 
an axis is a necessary accompaniment of all types of symmetry except 
The spherical. The chief feature of polarity is the specialization of one 
end of the axis as an anterior or oral end. Polarity and symmetry are 
obviously properties of the organism as a whole. Although cell polanty 
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can conceivably spring from the orientation of internal particles, this 
explanation can hardly apply to the polarity of cellular organisms for 
this would then be the sum of the polarities of the cells, an impossibility, 
as the cells in a complex organism are oriented in all possible directions. 
It would seem to follow that organismal polarity must be dynamic in 
nature, i.e., must consist in activity, not in structure. 
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CHAPTER II 

CLASSIFICATION 

I. GENERAL REMARKS ON CLASSIFICATION 

^ hen animals are studied anatomically, it is found that they a 

arranged into some sort of plan, based on similarities and dixunula 

oi structure. The branch of zoology that devotes itself to workinj 

such arrangements is called classification or taxonomy or system 

Since the enunciation of the evolution principle in 1S59 it is cone 

that all animals are related to each other by descent, and consequ 

any scheme of classification aims to give the genealogical relationshi 

the group oi animals under consideration. Because of the incomplet 

of the evidence, this ideal of classification is never reached in a 

practice. C lassification is based chieflv on the anatomv of adults 

* ♦ 

on embryolorical history. Geographical distribution is often of a 

ari'-e and ♦ xrinet animals, preserved in the rocks as fossil*, are < 

invaluable in bridging the gaps between present-day forms. The 

or functions of part- and the habits and behavior of animals are 

>i dered of no importance as criteria of relationship. 

The scheme of classification begins with the conception of the sp 

which mav be defined as an assemblage of animals which are essent 

» ' — * 

alike in all the details of their anatomy (except as regards sex differei 
and which interbreed freely with each other, as, for example. 1 
Species that resemble each other rather closely, as lions, tigers, leop; 
etc., are grouped together as a genus (plural, genera ). Each speci 
•hen named by a combination of the generic and specific name. SisFtli 
XLr lion, and Fel : * tigris, the tiger, and this combination is known a 

This method of designating an animal by two Latii 
nam •' i- •'a!!»--d the binomial system of nomenclature. It was devise 
:h middy- oi the eighteenth century’ by a Swedish naturalist na 
Linnrt'-u- ::l-o given as Linne). who became interested in classifies 
Ar d outhi'h-d a manual in which all plants and animals known at 
‘im- u»'r* r/inv '■■1 and arranged in a scheme of classification. All si 

v-n^rny da r - •- from the tenth edition of Linnaeus s work, Sys 
nubli-h’-d in 17->S. The binomial system not only provid 
f < , r kind of animal » this could also be accompli 

:■ >. v- * eyn giving each species one name) but it serx f 
mdurw closely related species receive the same gei 
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Scientific names are always constructed in Latin or Latinized form. 
The first letter of the generic name is always capitalized, that of ’he 
specific name not, unless derived from a proper name, in which case an 
ini tial capital letter may be employed, although this is not compulsory. 
For very exact purposes, the scientific name is followed without, inter- 
vening punctuation by the full or abbreviated name of the zoologist who 
first described the species and gave it its specific name, as Felix bo 
Linnaeus or Felis leo L. To ensure still further against mistakes, the 
year in which the species received its name is appended, set off by a 
comma or parentheses, as Felis leo L. (1758). In case the species is 
later transferred to a different genus from that in which it was originally 
placed, parentheses are put around the original dcseriber, as Planestirus 
migratoria (L.), the robin redbreast. 

Among the members of a species there are often minor variations t hat 
are called varieties when sufficiently distinct. Varieties are most notice- 
able among domestic animals. Distinct varieties inhabiting definite 
geographical areas are usually designated as subspecies and receive a 
third name which follows the specific name. Thus, the robin redbreast 
of the western United States presents slight but constant differences from 

the eastern form. Hence it is considered a subspecies and has been 
named Plunesticus migratona propingua Ridgway. 

The species included in a genus often vary in degree of resemblance 
and may fall into natural groups. For convenience a genus, especially 
one with a large number of species, may be subdivided into these group- 
°f species, which are called subgenera and receive subgeneric names one 
of which must always be the same as that of the genus itself The 
subgenenc name when used must be placed in parentheses between the 
generic and specific name, as Lymnaea (Lpmnaea) stagnahs. the common 
pond snail. This illustrates the only correct use of parentheses in a 
scientific name. When a generic name has been changed it is not correct 
to place the old generic name in parentheses after the new one bu t h 

JSS? CUS r T 7 d ,°u thiS " ith the of an equal ri g : , 

= CW, um) although such usage has no, been a, y a offiriallv 

Sons^f’ ^mlny'otherdi^ 11111 ^ the ^hief" taxonomic 

for a higher one, a, subclass, 

1 axonomic names of family and Inwor A • • 
definite „ nfies. Those te g ard,„ g 
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gt iii i'a h:tv(. ulivady 1 m • ■ 1 1 indicated, 
and 


Family mimes must end m r . <7 , 

miHt be derived from the name of the germs that ha- l»-. 1 , t,\, ,i :t . 

typieal. This genus is then known as the Iyp> genus. Sul»famil> m.m. - 

nnist end in inae and must also be derived from the stem of tin n o 

their principal genus. Thus the generic name of cattle is Bos: tie | :i im!\ 

♦ 

is called Boridae and the subfamily containing the most cattle-like un ru- 
bers of the family is named Bovinae. No particular rules govern t a v • 
nomie names higher than family. They generally terminate in a i In 
priority principle does not apply to these names, i.e., the nane- fir.-t 
given to a class, order, etc., need not necessarily be retained although ii is 
usually customary to keep such names as long as the same groups con- 
tinue to be included under them and are recognized as constituting natural 
assemblages. When grounds are shown for changing the group* included 
under a phylum, class, or order, it may be desirable to alter the nam< s of 
such divisions. 

Changes in generic and specific names are made in accordance with a 
set of international rules (see below) and as such should be accepted with 
the assurance of eventual stability. The correct specific name of an 
animal is that which was first given to it with a published indication, 
definition, or description ; but this rule of priority, simple enough in itself, 
is often difficult of application because many descriptions are inadequate 
and the animal concerned cannot be recognized. Again, many old 
descriptions are published in obscure places or are otherwise overlooked 
and consequently’ already named species are often redescribed later under 
new specific names. When such mistakes are discovered, it is necessary 
to drop the later specific name, even when it has been long in use, and 
to revert to the original name. A specific name once validly published 
cannot be altered unless it is shown that the same species had previously 
been described under some other specific name, or unless m rearranging 
genera forms happening to have the same specific name fall into the same 
genu*, or unless the particular combination of generic and specific name 
had been used before, even if for an entirely different animal. A generic 
name i* altered if it can be shown that it had been used before for some 
other genus of animals or that the species m question were P re ™ us ? 
described under some other generic name or fit better under an already 
existing genus or require the creation of a new genus. Many of theo 
genera were too inclusive, and, as knowledge of animals increase., 
becomes desirable to split such genera up into a num^r of g^nem <hat 
can be accurately defined and that represent more »a u al msemb g ^ 

Thus onginally almost any be distrib uted among 

now recognized that most - h( , or| „ IL ,i generic name is 

^ to which it was first applied and related 
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species. When a generic name is altered, the specific name is retained, 
as already noted, together with its author. In case a taxonomic descrip- 
tion is so indefinite that it cannot be determined with certainty what 
animal was meant, the name becomes a nomen nudum or blank name, 
which is dropped and cannot be used again. 

The chief difficulties of taxonomy are the impossibility of erecting 
strict definitions for any given species, genus, etc. ; of deciding when any 
given specimens differ sufficiently to warrant placing them in different 
species; or of deciding just how much species must differ from each other 
to constitute different genera; or what characters are the most important 
in making taxonomic distinctions. All such matters are questions of 
personal opinion on the part of taxonomists, and no rules can be formu- 
lated to cover them. 

The number of known species of animals is so great (about one million) 
and the recognition of the differences between species depends so much 
upon special knowledge that in general only expert taxonomists can 
identify species with certainty. Special keys, manuals, and monographs 
can usually be employed only after considerable study of the anatomy of 
the groups treated, and many groups of animals have never been mono- 
graphed. The most ambitious work on animal taxonomy is the German 
publication, Das Tierreich ( The Animal Kingdom), which attempts to 
describe all known species of animals in the world. Begun in 1896, the 
work at present comprises about 70 large volumes, but these cover only 
a small part of the animal kingdom. R. Hesse, in charge of the under- 
^*^ns> reported in 1929 that at the present rate of publication, 750 years 
would be required to complete the task of describing the species of animals 
now known, leaving out of consideration the new species that would 
be discovered in the interim. These facts may give the student 

some idea of the magnitude of the task of classifying and naming 
animals. 


As already indicated, the application of names to animals is governed 
by a set of rules, the International Rules of Zoological Nomenclature 
Debatable and uncertain points and motions to suspend the rules in a 
given case are considered and decided by an international commission 
on zoological nomenclature, which meets at intervals. The following are 
the more important of the international rules, briefly stated 


°' “ • P'»‘. bu. in 


St 

ri: **-■ - - * -**■* % 

i— , „"o" * ** m 



zo j ML /A \ tRTEBRATES: PROTOZOA THROUGH CTESOPHORA 


Art. 9. When a genus is divir 
must hf- the same as that of the 


led into subgenera, the name of the typical 9 \ih 
genus. 


genu? 


Art. 10 . Uhen the Mil ■•generic name is used, it must he placed in parentheses 
between the generic and specific names. 

Art. 13. Specific names are written with a small initial letter, but when riu\ are 
derived front the name of a person, they may be written with a capital initial Jotter; .is 


Equus BurckzUi, or Equus burchelli , BurehelTs zebra. 

.Art. 14. Specific names are adjectives agreeing grammatically with the generic 
name; or nouns in the nominative or genitive cases. 

.Art. 17. The subspecific name, when used, must follow immediately after the 
specific name without the interposition of any mark of punctuation. 

Art. 19. The original spelling of a name is to be preserved unless an error is evident. 

Art. 20. In forming names from languages in which the Latin alphabet is used 
the exact original spelling including diacritic marks must be retained, as Mulleria. 

Art. 21. The author of a scientific name is that person who first publishes the 
name in connection with an indication, a definition, or a description. 

Art. 22. If desired to cite the author’s name, this follows the scientific name with- 
out any intervening mark of punctuation; other information following the author's 
name is to be separated from it by a comma or parentheses. 

Art. 23. When a species is transferred to another than the original genus, the 
name of the author of the specific name is retained but is placed in parentheses. 

Art. 25. The valid name of a genus or species is that name by which it was first 
designated on the conditions that this name was published and accompanied by an 
indication or definition or description and that the author applied the rules of binomial 


nomenclature. 

.Art. 26. The year 1758, being the year of publication of the 10th ed. of Linnaeus’ 
S'jstana Naturae, is the starting point for the application of the law of priority given 

in Art. 25. 

.Art. 27. The law of priority applies to descriptions including only a part of the 
animal, or a stage in the life history. 

Art. 25. Type species are to be designated for genera according to certain specified 


nile Art . 32. A generic or specific name once published cannot be rejected because of 

inappropriateness. .. ^ a 

Art. 33. A name cannot be rejected because generic and specific or specific and 

subspecific names are identical. . , , 

Art. 34. A generic name is to be rejected if it has previously been used for some 

other genus of animals. . _ . , c 

Art. 35. A specific name is to be rejected if it has previously been used for some 

other species of the genus. 


n. THE PRINCIPAL DIVISIONS OF THE ANIMAL KINGDOM 

When animals are studied anatomically, most of them are found to fall 
into a limited number of natural groups, called phyla, each presenting a 

well-marked and easily recognizable assemblage of “° r P ho ^ ^ r 
tr „. TliO'O several larger and more important phyla such a* the sponge 
enumerate*, eehinoderms. annelids, mollusks, arthropods, and other, 

i „ . hv all zoologists. Each such phylum comprises a 

^upTobvi^ related forms, sharply marked off from all other 
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phyla, and not easily derived from any other. But a number of smallei 
groups of animals exist that do not exactly fit into any of the larger phyla 
anri yet do not possess outstanding characteristics. The disposition of 
these smaller groups remains a constant difficulty to the zoologist, who 
must either append them to one of the large phyla or regard them as 
independent phyla. Because of this and other difficulties zoologists have 
never come to any una nimi ty of opinion as to the number of phyla into 
which the animal kingdom should be divided. The general schemes of 
classification given in different texts and treatises are often at variance 
in large matters and practically never agree in detail. The classification 
within any group is constructed by those zoologists who have studied 
intensively the group in question and therefore represents their personal 
opinion as to the relationships of its members. As such relationships 
cannot be determined with finality and as our knowledge of invertebrate 
anatomy and embryology is still very faulty, there is room for much 
difference of opinion in any taxonomic scheme. 

From the foregoing remarks the student will understand that h^ 
cannot expect to learn any “correct” final classifieatory arrangement, 
for there is no such thing. What he will find in any text simplv repre- 
sents the best opinion of some zoologist. This opinion necessarily 
changes as knowledge of anatomy, embryology, distribution, and pale- 
ontology increases. The classification adopted in this book has been 
taken from a variety of sources and attempts to reflect the opinion of 
specialists in each group while preserving a conservative attitude. 
Wherever any difference of opinion exists as to the name or spelling of 
the larger units of classification, that name has been selected which is not 
necessarily the oldest but the one employed by that zoologist who first 
understood with reasonable adequacy the limitations and characteristics 
of a group. Such a zoologist may have utilized an old name that he 
redefined in more exact terms, or he may have invented a new one. 

To understand some of the names and groupings used in modern 
schemes of classification a brief historical survey is necessarv. Linnaeus 
m 1/58 divided the animal kingdom into the classes Mammalia Ve< 
Amphibia, Pisces, Insecta, and Vermes, thereby indiscriminatelv throw- 
ing all the invertebrates except insects into the group of Vermes or worms. 

™ he 11110 the ordere Intestina, Mollusca, Testacea 

Lithophyta, and Zoophyta, none of which corresponds to anv natural 

group except that Testacea were mostly bivalve mollusks. and Litho- 

wn™’ TT COeleaterates ^ Intestina included a variety of 
worms, the Mollusca was a heterogeneous assemblage from many group, 

(not mollusks) and the Zoophyta were mostly coelenterat^ The 

unsatisfactory nature of Linnaeus’s Vermes was early recognized and 
various minor attempts at improvement soon appear^. At The bei„ 
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ling of the nineteenth century, Cuvier and Lamarck clearly grasped the 
distinction hetween vertebrates and invertebrates. Lamarck :1M»9| 
divided the invertebrates into Mollusca, Cirripedia, Annelida, (’ru-ta.-< a 


Arachnida, Insecta, Vermes, Radiata, Polypes, and Infusoria; and 




[1815) added the groups Tunicata and Conchifera (ostracods, brarhm- 
pods, some mollusks). Lamarck understood the first six group- and 
Tunicata in practically the modern sense but was less fortunate in the 
others. By Infusoria he meant rotifers and some Protozoans; under 
Polypes he placed most polypoid coelenterates, sponges, and some 
Protozoans; under Radiata, the remaining coelenterates, ctenophorcs, 
and eehinoderms, although earlier he had regarded eehinoderms a> a 
separate class: under Vermes, flukes, tapeworms, roundworms. Acan- 
thocephala, and a few oligochaetes. In Cuvier’s system (181ti) the 

v 

invertebrates were divided into Mollusca, including brachiopod:- and 
barnacles; Articulata, under which name annelids and arthropods were 
united; and Radiata or Zoophyta, comprising the rest of the inverte- 
brates, many of which of course are not radiate. The Radiata were 
subdivided into Echinodermes; Intestinaux or Entozoa, divided into 
Intestinaux cavitaires (roundworms, nemertines), and Intestinaux 
parenchymatoux (flatworms, Acanthocephala) ; Acalephes (medusae, 
siphonophores, ctenophores); Polypes, (polypoid coelenterates plus 
Bryozoa) ; and Infusoires (protozoans and rotifers). These systems of 
Lamarck and Cinder laid the foundations for all future work on classifica- 
tion. The great phyla Vertebrata, Mollusca, Annelida, and Arthropoda 
with its subdivisions were established and Cuvier’s union of the annelids 


and arthropods under the name Articulata has continued to find favor 
with many zoologists. The subdivisions of Cuvier s Radiata or Zoophyta 
already indicate in a broad way the lower invertebrate groups but because 
of Cuvier’s authoritative position there was little improvement in the 
classification of the Radiata for many years and in 1829 Cuvier reiterated 
his scheme practically unchanged. There was a tendency to split o 
the parasitic worms under the names Entozoa, Helmmtha, Helnunthica, 
etc The term Radiata or Zoophyta then came gradually to be restricted 
to the truly radial animals, the coelenterates and eehinoderms, in accord- 
ance with Lamarck’s usage, and it was not until 1848 that Lcuckart 
ecognized the fundamental differences between the two radial groups 
and separated them as the phyla Coelenterata and Echmodermata 
creating the former name. The separation of the Protozoa rom the 
rotifers was achieved in 1838 by Ehrenberg. About 1840 the nam 
Vermes was revived, not in Linnaeus’s sense, nor entirely in Lamarcks 

usagte. but „ a ,«™ include, all the Matoa of' LeTctrt (S is the 

several systems dcV * pe j. " , “fobbed the phyla Protozoa, Coelenterata 

most noteworthy. Leueka _ ^winding* the Turbellaria, 
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trematodes, cestodes, Acanthocephala, nematodes, rotifers, Bryozoa, and 
annelids), Arthropoda, Mollusca (including Tunicata), and Vertebrata. 
The chief fault of this system consists in a lack of understanding of rela- 
tionships within the Vermes; thus leeches were allied to trematodes, and 
nematodes were considered to be annelids. These defects were remedied 
by Carl Vogt, who in 1851 divided the Vermes into Annelida, Rotatoria, 
Piatyelmia, and Nematelmia, thus establishing the groups of flat and 
roundworms; Vogt also correctly assigned the leeches to the annelids. 
Some slight improvements originated with Gegenbaur (1859), who 
altered Vogt's names to Platyhelminthes and Nemathelminthes. 

The embiyological researches of Kowalewski (1871) demonstrated the 
affinity of the tunicates with the vertebrates, with which they were then 
united under Hie name Chordonia. Haeckel (1874) emphasized the dis- 
tinction between the acellular animals, the Protozoa, and the cellular 
animals, which he believed to derive from the gastrula and for which he 
invented the name Metazoa. These attempts to found the classification 
of animals on an embryological basis led to the system of Hatschek 
(1888) from which all present German systems are derived. Hatschek ’s 
arrangement was: 


Protozoa 

Metazoa 

4. Protaxonia or Goelenterata. (G&strular axis preserved as or&l-aboral axis; 
blastophore becomes the mouth.) 

Type I. Spo ng i ari a, the sponges. 

Type II. Cmdaria, coel enters tes plus Mesozoa. 

Type III. Ctenophora, ctenophores. 

B. Heteraxonia or Bilateria. (Gastmlar axis does not persist as adult axis.) 

Type IV. Zygonema. (Bilateria derivable from the trochophore. ) 

Subtype Autoscolecida or Protonephridozoa. (Bilateria with proto- 
nephridia.) 

Branch Scolecida 

Platodes 

Rotifera 

Endoprocta (Bryozoa in part) 

Nematodes 

Aeanthocephali 

Nemertini 

b. Subtype Apoecolecida or Metanephridosoa. (Bilateria with metane- 
pnnaia.) 

Branch Articulata 

Annelida, including sipunculids and 
Onychophoxa 
Arthropoda 
Branch Tentaculata 
Phoronida 

Ihyozoa ectoprocta 
Brachio 
Branch 1 
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Type \ . Ambulacralia 

Branch Eehinoderraata 
Branch Enteropneusta 

Type ^ L Chordonia, includes Tunica ta, Amphioxus, and vertebrates. 


The concepts underlying these assemblages are more fully explained 
in Chap. IX. The name Scolecida (Greek, scolios , a worm) for worms 
with protonephridia, originated with Huxley (1864). Ambulacralia 
comes from Metschnikoff (1881), who established on embryological 
grounds the affinity of the Enteropneusta with the echinoderms. The 
name Zygoneura (Greek, zygon , yoke, and neuron , nerve, referring to the 
double ventral nerve cord) is Hatschek’s, and Tentaeulata and Chordonia 
were here first used by Hatschek in the sense defined, although Tenta- 
eulata had been previously invented by Lankester for crinoids and 
Chordonia originated with Haeckel (1874) as a name for the hypothetical 
ancestors of the notochord groups. 

In the last quarter of the nineteenth century there was a tendency to 
drop the group Vermes as well as other phyletic groupings and to divide 
the animal kingdom into a number of independent phyla. This usage 
was and is particularly followed by English and American zoologists. 
The chief advance at this time was the recognition of the peculiarities of 
the sponges, which were separated by Sollas (1884) into a branch Parazoa 
contrasted with the remainder of the Metazoa, later termed Eumetazoa. 
Up to this time the sponges had been grouped with the coelenterata and 
ctenophores, all three being often termed Radiata. With the removal 
of the sponges the old name Radiata becomes restricted to the coelen- 
terates and ctenophores, in which sense it is still widely used and will be 
so employed in this book. The rest of the Eumetazoa thereupon become 
known as Bilateria or the bilateral animals, a designation going back to 


Hatschek (188S). 

The twentieth century has witnessed renewed attempts to combine the 
phyla under a few large headings. Lankester (1900) created the group 
Enterocoela for those Eumetazoa in which the digestive cavity is the 
onlv internal .-pace (i.e., the present Radiata) and Coelomocoela for the 
bilateral animals. The trouble with this arrangement is that m some 
Bilateria there is no coelom at all and in others the body space * not a 
true coelom. The proposals of a group of Gennan workers (Goette, 
190 o- k C. Schneider. 1902; Grobben, 1908; and Hatschek, 1911) have 
proved more acceptable and may attain wide adoption. The principal 

Lure of this work is the division of the Bilateria into two -»»£»£ 

a.~oent ' one termed Protostomia (Grobben) or Zygoneura later Ectero- 
eoelia f Hatschek) or Bilateralia hypogastrica (Goette); the other called 
DeutiTo-tomia (Grobben) or Enterocoelia (Hatschek) or Bilateralia 
Seurogastrira (Goette) or Plerocoelia (Schneider). Of these vanous 
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names, Protostomia and Deuterostomia have been most widely used. In 
the Protostomia the blastopore becomes the mouth, embryonic develop- 
ment is of the determinate type, and the mesoderm originates from ' an 
embryonic cells or masses. Among th? Deuterostomia, the mouth ri i 
new formation, cleavage is indeterminate, and the mesoderm and »*oelom 
originate as pouches of the gut wall (enterocoelous method). Then 
matters are discussed further in Chap. IX. The Deuterostomia include 
the phyla Echinodermata, Chaetognatha, Branchiotremata, and Chor- 
data. All other Bilateria belong to the Protostomia. The Protostomia 
are derivable from a larval type, termed the trochophore (see Chap IX 
or its simpler forerunner, the protrochula; the Deuterostomia are refer- 
able to the dipleurula larva. This idea has been carried so far that in 
1910 Claus-Grobben in their Lehrbuch der Zoologie divided the Bilateria 
into two phyla, Protostomia and Deuterostomia, and reduced what are 
usually considered phyla to the level of subphyla or classes. 

Along with these ideas there has been a restoration of the phylum 

Vermes, which is subdivided on either the presence or absence of an anus 

(whence such names as Aprocta, Euprocta, Neoprocta, and other terms 

founded on the Greek proctos , anus), or on the nature and presence of a 

body cavity (whence Schizocoelia, Pseudocoelia, Coelomata, etc., founded 

on k oilos, a cavity), or on the occurrence of segmentation (Greek, meros, 

a part), as in Butschli’s scheme (1910), w'hich has met writh much favor. 

Butschli divides the worms into the Amera, without segmentation 

(equivalent to the Scolecida); the Polymera or Annelida, the segmented 

worms; and the Oligomera, animals with two or three coelomic divisions 

(Phoronida, Bryozoa, Brachiopoda, Chaetognatha, Branchiotremata). 

This plan is followed in the most extensive modem treatise on zoology, 

Kiikenthal-Krumbach’s Handbuch der Zoologie , where we find the follow- 
ing scheme of classification : 

Subkingdom Protozoa-Phylum Protozoa 
Subkingdom Metazoa 
Subdivision Parazoa-Phylum Porifera 
Subdivision Eumetazoa 
Radiata 

Phylum Coelenterata 

Phylum Ctenophora 

Phylum Mesozoa or Planuloidea 
Bilateria 

Phylum Vermes 
Subphylum Amera 

Oadua Plathelminthes, including Nemertinea 
Cladus Nemathelminthes 

Class Rotatoria 

Class Gastrotricha 

Class Kinorhyncha 



32 THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 


Class Nematodes 
Class Xematomorpha 
Class Acanthocephala 

Cladus Kamptozoa i , = Bryozoa entoprocta). 
Subphylum Polymera = Annelida 
Subphyluni Oligomera 

Cladus Tentaeulata Phoronida, Bryozoa ectoprocta) 
Cladus Brachiopoda 
Cladus Chaetognatha 
Cladus Branchiotremata 
Phvlum Eehinodermata 
Phvlum Mollusca 
Phylum Arthropoda 
Phylum Chordata 


The author believes that groupings based upon theoretical consid- 
erations such as Protostomia and Deuterostomia should not be regarded 
as taxonomic divisions but rather as convenient terms for purposes of 
discussion. It is further maintained that the retention of the phylum 
Vermes, which can only be defined in general and mostly negative terms 
(i.e., as worm-like animals without skeleton or jointed appendages) and 
which unites animals of remote and indeterminable relationship while 
separating groups admittedly closely allied, such as annelids and arthro- 
pods and echinoderms and Branchiotremata, is futile and confusing. 
\ phvlum should consist of closely allied animals distinguishable from 
any o'ther phvlum by well-defined positive characteristics some of which 
do not exist in other phyla or not in that particular combination. Any 
group of animals, however small, having such distinct character , should 
be regarded as a separate phylum until evidence shall be forthcoming 
showing its relationship to some other phylum. The classification 
animals should be based primarily on anatomical and embryologi 
fact* and a number of important characters, not any one arbitrary 
chosen feature, should be taken simultaneously into consideration So 
->rtant characters are: general grade of construction, type sym 
Tem- presence and kinds of body space, absence or presence o t an tauua, 

picnce of segmentation, possession of appendages, presence and nature 

of excretory, respiratory, and ondoskeletal 
classify the animal kingdom as follows, into 22 phyla. 

I. Subkingdom Protozoa: acellular ammals. *hich 

II Subkingdom Metazoa: cellular animals, composed 

may lose their boundaries iu having the structure of a 

Branch A. Mesozoa. , laver 0 f somatic cells and interior 

stereoblast ula composed of a surface lajer 

reproductive cells. 


basis 


Phylum Mesozoa 
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Branch B. Parazoa. Animals of the cellular grade of construction 
with incipient tissue formation, interior cells of several different kinds, 
without organ systems, digestive tract, or mouth; porous with one to 
many internal cavities lined by choanocytes. 

Phylum Porifera, the sponges 
Branch C. Eumetazoa. Anim als of the tissue or organ-system 
grade of construction, with mouth and digestive tract (except when lost 
by parasitic degeneration), interior cells reproductive only in part, not 
porous, without body spaces lined by choanocytes. 

Grade I. Radiata. Eumetazoa with primary radial symmetry, 
of the tissue grade of construction with incipient organ systems, incipient 
mesoderm mesenchymal in nature and mostly of ectodermal origin, 
digestive cavity the sole body space, no anus. 

A. Symmetry radial, biradial, or radio-bilateral, mouth usually 
encircled by tentacles armed with nematocysts, no row's of ciliated plates. 

Phylum Cnidaria, the coelenterates 

B . Symmetry biradial, tentacles when present not encircling 
the mouth, no nematocysts, eight radial rows of ciliated swimming plates. 

Phylum Ctenophora, the comb jellies 
Grade II. Bilateria. Eumetazoa with bilateral symmetry or 
secondary radial symmetry, of the organ-system grade of construction, 
mostly with a well-developed mesoderm of entodermal origin, mostly 
with body spaces other than the digestive cavity, anus generally present. 

A • Acoelomate animals, region between digestive tract and body 

wall filled with mesenchyme, excretory system of protonephriclia with 

flame bulbs, unsegmented or, if segmented, youngest segments nearest 
the head. 


1. Anus absent. Phylum Platyhelminthes, the flatworms 
. 2 * Anus present; eversible proboscis in hollow sheath above 
tke digestive tract. Phylum Nemeitmea, the nemertine worms 

* * f \ P feudocoelomate animals, space present between digestive 

tract and body wail but this space is a pseudocoel (remnant of the 

ft “ CW 0 ”’ anUS present ’ with or wi,ho >“ Ptotoneph- 
ndia, name bulbs present or not. P 

1. Intestine looped, bringing anus near mouth mouth anH 
anus encircled by a circlet of oiiia.ed tentaeies. Phy.t Hp roc * 

. , ' ^testme “ore »r less straight, anus posterior no anterior 
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Probably many zoologists will object to the position here accorded the 
Alesozoa. In the absence, however, of any knowledge of the sexual 
stages of the dicyemids (which presumably exist) it seems best to judge 
them on the basis of their structural grade, which is unlike that of any 
other Metazoa and does not justify their inclusion in any other phylum 
or grouping of phyla. The position of sponges as a separate branch of 
Metazoa is well recognized. The division of the remaining Metazoa 
into radiate and bilateral grades appears to the author sound and pref- 
erable to the conception of diploblastic and triploblastic grades, which 
is here abandoned for reasons explained in later chapters. Among the 
Bilateria, three grades of structure are recognized, following Schimkevtch 
(1891), namely, the acoelamate, pseudocoelomate, and eucoelomate types 
Such a division stands firmly on a realistic anatomical basis and eschews 
all theoretical vaporizings such as the alleged degradation of flat worms 
from annelids, the coelomic nature of the gonad cavities, and similar 
ideas. 


The separation of the nemertines from the flatworms will probably 
be generally conceded. The absolute necessity of detaching the ento- 
procts from the typical bryozoans has not been generally recognized but 


must be admitted by anyone who studies their structure critically. They 
belong among the groups of animals in which a false coelom or pseudo- 
coel separates the intestine from the body wall; the body wall consists 
of cuticle and epithelium and lacks the muscle layers and peritoneal 
lining characteristic of true coelomate animals. The digestive tract also 
is purely epithelial, devoid of muscle layers and visceral peritoneum. 
These pseudocoelomate forms are here arranged into two phyla, the 
Entoprocta and the Aschelminthes. Other names have been suggested 
as a phylum term for the entoproct bryozoans, as Calvssozoa by A. H. 
Clark (1921), and Kamptozoa by Cori in Kukenthal-Krum bach’s 
Handbuch der Zoologie. However, there seems no objection to raising 
the original name Entoprocta to the rank of a phylum; the name origi- 
nated with Nitsche (1870) and was already used as a phylum name bv 
Hatschek (1888) (see above). 


The Entoprocta are set off from the remaining pseudocoelomate 
groups by their possession of a crown of ciliated tentacles encircling the 
oral and anal openings. The other pseudocoelomate forms are here 
united under the name Aschelminthes, proposed by Grobben in 1908 

S?. P ^ lu ^ ‘ he cUsses Gastrotricba, Kinorbyocha 

SL *u ea *, ’ N ™? ,omor P ba (Gordiacea), and Acanthi 

P r , Tbe i altaTI! “ lw "Olid be to raise each of these croups to the 
raok ofaphyhun and this procedure has been followed in some recent 
tofe^There * i no special objection to such an arrangement, but study 

of these groups has convinced the anthnr ri.ra* *i — __ - * . . . .Y 
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(Cephalochordata, Tunicata, and Vertebrata), as used by Hatschek 

(page 30). 

The nephridial system of the coelomate invertebrates is of the 
metanephridial type, i.e., the nephridial tubules begin as coelom ic open- 
ings. Protonephridia occur only in some polychaetes and these differ 
from those of noncoelomate Bilateria in that the tubule ends are closed 
by solenocytes. Solenocytes are very elongated cells having a flagellum 
as the current-producing mechanism instead of the ciliary tuft found in 
the flame bulbs. It is an inexplicable fact that solenocytes also occur in 
Amphioxus. 

The arrangement of the animal phyla here proposed may for con- 
venient reference then be tabulated as follows, using for the subdivisions 
of the Bilateria, Schimkevitch’s terms (1891), Acoelomata, Pseudocoe- 
lomata, and Eucoelomata, and subdividing the last by means of T. H. 
Huxley's names (1875) Schizocoela and Enterocoela. 

I. Subkingdom Protozoa 
Phylum Protozoa 
IL Subkingdom Metazoa 
Branch A . Mesozoa 
Phylum Mesozoa 
Branch B. Parazoa 
Phylum Porifera or Spongiaria 
Branch C . Eumetazoa 
Grade I. Radiata 

Phylum Cnidaria or Coelenterata 

Phylum Ctenophora 
Grade II. Bilateria 

A . Acoelomata 

Phylum Platyhelminthes 

Phylum Rhynchocoela or Nemertiiiea 

B. Pseudocoelomata 

Phylum Aschelminthes 

Phylum Entoprocta 

C. Eucoelomata 

1. Schizocoela 

Phylum Bryozoa or Polyzoa 
Phylum Phoronida 
Phylum Brachiopoda 
Phylum Mollusca 

Phylum Sipunculoidea 
Phylum Priapuloidea 
Phylum Echiuroidea 
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i'Lyium Annelida 
Phylum Arthropoda 
2. Ya ‘.'-roi'oela 

Phylum Chaetognatha 
Phylum Echinodermata 
Phylum Hemichordata 
Phylum Chordata 


The order of treatment of the phyla in a text may either imT-v 
’em phylogenetic ideas or be based on grade of structure. \Yh« 
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tive structural rank of the various phyla. Although some groups of 
animals are obviously “higher,” i.e., structurally more complex, than 
others, many groups are difficult to evaluate, tor they may rank high in 
some organ systems, low in others. If animals had evol\ed in a .~t might 
line, they could be arranged in a linear series of increasing complexity ui 
structure, and each group would be higher than the preceding one. But 
all the evidence indicates that groups evolve by branching from pre- 
ceding groups so that the animal kingdom must be graphed not a- a line 
but as a branching tree. As a result, many branches are about on the 
same level, although anatomically different, and cannot be serially 
arranged. Thus no one would doubt that a lobster is higher, more com- 
plicated morphologically, than an earthworm, but who can decide the 
relative rank of a lobster and an octopus? One can only regard them 
as high members of their own particular branches of the evolutionary 
tree. 

In this work we shall attempt to arrange the phyla in general accord- 
ing to their grade of construction while at the same time avoiding the 
separation of allied phyla. On this basis the bilateral groups will be 
treated in the following order: acoelomate phyla, pseudocoelomate 
phyla, enterocoelous phyla (omitting Chordata, which is not considered 
at all), and schizocoelous phyla. 

The accompanying diagram (Fig. 5) attempts to depict the relation- 
ships of the animal phyla in accordance with the foregoing remarks and 
with the discussion to be presented in later chapters. Such a diagram 
like all phylogenetic schemes is not to be taken literally but to be regarded 
merely as suggestive. 
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rHE ACELLULAR ANIMALS- PHYLUM PROTOZOA 

I. CHARACTERS OF THE PHYLUM 


invertebrates begins with the ProUuoa. 
animals that are usually defined as consisting of a single cell. This point -»f view, 
inherited from the heyday of the dominance of the cell theory in the conception of 
organisms, which were regarded as aggregations of cells, is not only without advents* 
but conveys an erroneous impression. The Protozoa are n<-r loose cells moving about 
but complete organisms that may be of more complicated construction than the 
simplest Metazoa. We therefore prefer to refer to the Protozoa as acrU Jar, rather 
than as unicellular, animals, that i<, as animals whose body substance i* not par 
titioned into cells. 

The Protozoa were naturally not seen until after the invention of the microwope 
(date uncertain, possibly as early as 1590;. Many different sorts were observed and 
described by Leeuwenhoek in 1676 from standing rain water, etc. They and other 
microscopic animals were called simply animalcules until I>edermuller 1760-63* 
suggested the name Infusoria because of the occurrence of such forms m infusions. 
0. F. Muller 1773 included under the name Animalcula Infusoria protozoans, 
nematodes, rotifers, and bryozoans. An improvement was made by Lamarck (1809) 
who embraced under the name Infusoria protozoans and rotifers, and Cuvier’s 
Infusoires, a subdivision of Radiata, had the same significance. The higher organize 
tion of the rotifers was recognized by Dutrochet in 1812, but it was not until after 
Ehrenberg's work in 1S3S that the rotifers were separated from protozoans although 
Ehrenberg himself regarded both groups as classes of Infusoria. Ehrenberg called the 
protozoans Polygastriea under the belief that the food vacuoles were a senes of 
stomachs and maintained that they are complex animals. This idea was successfully 
combated in the 1840’s, first by Dujardin (1841), who recognized the lowly 
nature of the shelled Protozoa, previously considered mollusks, and created for them 


the term Rhizopoda. 

The name Protozoa Greek, proto*, first, zoon , animal) comes from Cml^uss 1818 ), 
who. however, used this name simply for the lower groups of Cuvier’s Zoophyta, 
including protozoans, sponges, coelenterates, rotifers, and bryozoans. Goldfuss 
did at least recognize several grades of structure in Cuvier’s assemblage. The 
morphology of the Protozoa could not of course be understood until the discovery 
of cells in 1 S39. It was von Siebold (1S45) who, recognizing the unicellular nature 
of the Protozoa, first used aTd defined the name Protozoa in the present sense. 
Accenting Dujardin’s work, von Siebold divided the Protozoa into the two classes 
Infusoria and Rhizopoda. the former including both abates and ^Hates. e 

ciliaud rm™. .» » «... by PCTy to 1852 ..d Ih. byU Ml 

as Flagellata by Cohn in 1S33. Finally the class Sporozoa was erected b> Leuckart 

in 1 S79 for the spore-forming parasitic members. , _ 

The phylum is consequently to be termed Protozoa after von Siebold. The name 

Infusoria should clearly be abandoned and should not be used as synonj mous .. 
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C3i*ta. No grounds are apparent for the rej 
the later name Mastigophora (Diesing, 1866). 


Va^efinition.'^The Protozoa are acellular animals without ' - or 
organs, existing singly or in colonies of a few to many individuals; -u< h 
colonies differ from a metazoan in that their components are all alike 

except when engaged in reproductive activities. 1 

,j£ / f)ther Characters. — The Protozoa, being acellular, necessarily 
lack tissues and organs, since these are defined as aggregations of differen- 
tiated cells. Although in some Protozoa all the functions of food catch- 
ing, locomotion, and perception, transmission, and response to stimuli 
are performed directly by relatively undifferentiated protoplasm, in 
other cases a remarkable degree of functional differentiation is attained. 
Such differentiations in an acellular organism are called orgntnllr.*, 
organoids, or organites. The organelles of Protozoa take the form of cilia 
and flagella for locomotion and food capture, various other food-catching 
devices, contractile fibrils for a variety of movements, surface differen- 
tiations and skeletal secretions for protection and to confer shape arid 
rigidity, organelles of attachment in parasitic forms, a water-regulating 
mechanism (contractile vacuole), sensory structures such as photo- 
receptors and sensory bristles, and conductile fibrils for coordination. 
Respiratory differentiations are absent and the presence of an excretory 
mechanism is debatable. In general the organelles of Protozoa resemble 
the cell differentiations of multicellular animals. Reproduction is sexual 
or asexual. Asexual reproduction occurs by fission, budding, or multiple 
division. Sexual reproduction is widespread, and all degrees of diffe rence 
between th e ^ wo^ging sex cells are found. Many forms have oomph- H 
cated lif^jjpp9nes, "with alternation of sexual and asexual generations 
and sane degree of embryonic development. The Protozoa are of small 
to mijHite size, usually microscopic. They are naked or provided with 
simple to elaborate encasements, shells, and skeletons. They occur 
throughout the earth in fresh and salt waters and damp places and as 
external and internal parasites of every' group of animals. Each pro- 
tozoan is to be regarded not as equivalent to a cell of a more complex 
animal but as a complete organism with the same properties and char- 
acteristics as cellular animals. Some of the colonial Protozoa are prac- 
tically multicellular individuals. 

The phyinm is usually divide Ato four classes; Flagellata, Rhizo- 
P°da, Cihata, and Sporozoa, alth^h the last is admittedly somewhat 
heterogeneous. Whereas the Rhizopoda were formerly considered the 
most primitive Protozoa, their derivation from the Flagellata is now 
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universally accepted, and the latter 


< *. 


the animal kingdom. 


are coiisequexitly placed at \L- hmtoi 


with 


FT. CLASSIFICATION OF THE PHYLUM 1 

bubphvium I. Plasmodroma. Locomotor organelles either pseudopodia - fWb 

; d- one or more .ike nuclei; sexual reproduction by the complete fusion of gamete* 
oiten with complicated life cycles. 

Class I. Flagellata or Mastigophora, the flagellates. With one to manv flagell 

locomotor organelles throughout life or intermittentlv or in voung *tagW 

Order 1. Chrysomonadina. Small. simple, often amoeboid forms with on 

or r*o flageha, one to several yellow or brown chromoplasts ; gullet lacking; endoe 
enous cyst lormation. 

Order 2. Cryptomonadina. Small, not amoeboid, with two flagella, usuall 
gullet, colorless or with chromoplasts. 

Order 3. Dinoflagellata. With two, rarely one, flagella, one transverse, th 
other trailing, generally borne in grooves. 

Mi border 1. Adinida. Two flagella, grooves absent, usually with 3 cellu 

lose cohering. 

Suborder 2. Dimfera. Y ith transverse and longitudinal grooves an< 
flagella; naked or with an armor of cellulose plates. 

M ih order 3. Cystoflagellata. Gelatinous globular or medusa-shaped form 
with only the longitudinal groove and flagellum 

Order 4. Chloromonadina. V*ith two flagella and numerous chloroplasts 

no stigma; reserve product fat. 

Order 5. Euglenoidina or Euglenida. Larger forms with gullet, stigma, on 
or two flagella, sometimes more; colorless or with green or brown chromoplasts 
reserve d reluct carbohvdrates. 

a » 

Order 6. Phytomonadina or Yolvocales. Small, usually green, with stigm. 
and one to eight, usually two, flagella; no mouth or gullet; single or forming flat o 
spherical swimming colonies. 

Order 7. Protomonadina. Colorless, often amoeboid, with one to thre 
flagella, without cuticle, mouth, or gullet; with parabasal body. 

Order S. Polymast igina. With two to six, generally four, flagella, one of tei 
trailing or forming the border of an undulating membrane; with parabasal body an< 
a\,.vvb; nr with two to many duplications of a structural unit consisting of flagella 
nm l.-’-s. parabasal body, and axostyle filament; mostly intestinal parasites. 

Order 9. Hyp«.-rmastigma. With numerous flagella and many parabasa 
b* idivs; irv -s* parasites of termites and cockroaches. 

Orb- r Kb Rhizomastigina or Pantostomatida. Colorless, permanently amoc 

i. with ■•re flagellum. 

Class II. Rhizopoda or Sarcodina, the rhizopods. Pseudopodia serve for locomo 
- ,j p., \ , r cl:in g ; a?-\ual reproduction usually by lunar.' fission, mostly fre 


b 


li’ 


* . ; - *» 


r ia* ; 


O r j. r 1. Amoebozoa or Lobes 
■ r*. .•hniiuur n. not stiff or ra\ 



e amoeboid rhizopods 
or anastomosing. 


Pseudopod 


: t- , 1 -nc-iticn , chieflv Doflein-Reichenow Lehrbuch der Protozoenkundt 

Xr . iv>-oO V rf- '.-x.-.-edmely difficult to classify because of the many transition* 
,vp^ and tV-nr - of m relationship. It is impossible to erect exclusive defini 

u.ms, and o,n~ qu.-ntlv the definitions center about typical members. 
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Suborder 1. Gymnamoebaea or Amoebina or Nuda, the naked Lobosa. 
Body naked or enclosed in a thin membrane; pseudopods arising at any point. 

Suborder 2. Thecamoebaea or Testacea, the shelled Lobosa. Enclosed 
m a sbpll with one aperture through which alone the pseudopods protrude. 

Order 2. Foraminifera. Pseudopods slender, often anastomosing; enclosed 
in a simple or chambered shell with one opening or pierced with numerous pores for 
the pseudopodia. 

Order 3. Heliozoa, the sun animalcules. Spherical with stiff radiating 
pseudopods. 

Order 4. Radiolaria. Protoplasm divided into inner and outer parts by a 
spherical porous membrane; pseudopods ray-like, stiff or streaming; usually with a 
skeleton. 

Gass ITT. Sporozoa. Internal parasites without contractile vacuoles; asexual 
reproduction mostly by multiple fission; transmitted by encysted or naked young 
produced by multiple fission of the zygote. 

Subclass I. Telosporidia. Zygote sporulating into naked or encysted 
voung without polar capsules; usually with both schizogony and sporogony. 

Order 1. Gregarinida, the gregarines. Zygote producing one walled spore 
containing eight sporozoites; with or without schizogony; usually extracellular when 
mature. 

Order 2. Coccidia, the coccidians. Intracellular parasites, chiefly of 
epithelial cells; with alternation of schizogony and sporogony; zygote immotile pro- 
ducing one to many walled spores containing sporozoites. 

Order 3. Haemosporidia. Parasitic in blood cells or blood svstem of 
vertebrates; with alternation of schizogony and sporogony; zygote motile, sporulating 
into naked sporozoites. * 

Subclass II. Cxidosporidia. Amoeboid, spores with one or more polar 
capsules, hatching into amoeboid young. 

Order 1. Myxosporidia. Spores with two valves and one, two, or four 
polar capsules; mostly in fish. 

Order 2. Actinomyxidia. Spores three-rayed, with three valves and three 
polar capsules; parasitic in annelids. 

Order 3. Microsporidia. Spore simple with one reduced polar capsule; 
intracellular in arthropods and fish 1 

Subclass III. Sarcosportdla. Amoeboid parasites in the muscles or con- 

nective tissue of higher vertebrates, forming large cysts filled with spores; spores 
naked without polar capsules. 

Order 1. Sareosporidia. Cyst wall wholly or partlv of parasitic origin 
spores crescentic. 6 


Order 2. Globidia. Cyst wall of host origin, cysts found onlv in the intesti- 
nal suJbnracosa; spores fusiform 

by a li ^ rBCLA ‘ SS IV h «-w>sporidia. Spores oval, without polar capsules, opening 

P fli0ph0ra ‘ Iocomot or organelles in the form of cilia throughout 
me or in young stages. ^ 

<3 Xri,’.*<f i T ata, pI he CDiateS ' G6a ‘ Pre9ent throu S hout We; life cvcles simple. 

MoUtWess ’ two to many like nuclei, without 
parasites of am phihi^ np 

nm.ilt ST ?f LAS! ;f L Euciliata - Free or parasitic, mouth usuallv present nuclei 
iwally of two different kinds, with conjugation. ' ’ 

hod,. 0rderl * H ° l0tnch *- Without adoral rone; cuha over all or part of the 
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Suborder 1 Gymnostomata. Mouth at surface or in a pit, cloaable, 

without special cilia, often with triehites. 

Suborder 2. Triehostomata. Mouth leading into a cytopharynx pro- 
vided with special ciliary rows; not closable. 

Suborder 3. Hymenostomata. Cytopharynx present, provided with 
or more undulating membranes. 

Suborder 4. Automata. Mouthless, parasitic. 

Suborder 5. Apostomea. Parasitic, life cycles complex. 

Order 2. Spirotncha. ^ ith an adoral row of membranelles, beginning to 
the right of the peristome and passing around to the left. 

Suborder 1. Heterotricha. Body clothed with short cilia mostly all 

over, limited in some cases. 

Suborder 2. Oligotricha. Body naked or with a few large bristles. 
Suborder 3. Hypotricha. Cilia confined to the ventral surface, generally 
in the form of cirri. 

Order 3. Peritricha. Adoral row beginning to the left of the peristome 
and passing around to the right; no other cilia except one or more posterior girdles 
in some forms; mostly sessile, often colonial. 

Order 4. Chonotricha. Cilia confined to the anterior end, not mem- 
branelles; anterior end funnel-like, mostly spirally coiled like a cornucopia; epixoic 
on crustacean gtlls. 

Class V. Suctoria or Acineta. Cilia present only in young stages; adults without 
mouth, with tentacles, mostly sessile. 



GENERAL MORPHOLOGY AND PHYSIOLOGY 


1. Form and Size. — Although many rhizopods lack definite form 
except such as is conferred by the shell when present, most Protozoa 
exhibit a fixed shape and size characteristic for each species. A great 
variety of shapes occurs, but spherical, oval, and elongated forms, often 
more or less flattened, are most common. All types of animal symmetry 
are represented among the Protozoa. The lobose rhizopods and the 
Foraminifera are asymmetrical and anaxial ; spherical symmetry obtains 
in the Heliozoa and Radiolaria; radial symmetry is noted in many sessile 
forms, as the choanoflagellates; but the majority display bilateral sym- 
metry, generally imperfect, with definite anterior and posterior ends and 
dorsal and ventral surfaces. The anterior end is that one directed for- 
ward in locomotion ; the ventral surface is arbitrarily defined as that which 
bears the mouth opening. Distinction between the two surfaces is most 
evident in the hypotrichous eiliates that crawl on the ventral surface 

(Fig. 55C). tt . „ 

The majority of the Protozoa are of small or microscopic size; they 
range from 2 or 3 micra (a micron is Moot, nun.) to several ^ntimeters in 
length or diameter. The largest Protozoa are found among the Radm- 
laria and Foraminifera, especially the latter, in which the shells may 
reach a diameter of 2 to 10 or 15 cm. Among fresh-water species, Sjnro- 

v * 4 Z Inn t* 1C nntwhlp for its size. 
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2* General Structure of the Cytosome. — The protozoan cytosome 
consists of a transparent, colorless or faintly tinted, viscous hyaloplasm 
or ground substance in which are imbedded numerous microsomt-s. and 
which commonly also contains fibrils, droplets, vacuoles, ergastic sub- 
stances, plastids, and other elements enumerated in Chap. I. Although 
a few amoeboid forms appear to be structurally simple, specific organelles 
are differentiated in the majority of the Protozoa and sen e specific 


functions. 

The cytosome is commonly differentiated 
into a clear surface layer, the ectoplasm . and 
an inner mass, the entoplasm (or endoplasm) 
(Fig. 6). The ectoplasm is devoid or nearly 
so of granules, often shows a high degree of 
differentiation, and is probably a protein gel. 
Apparently the degree of ectoplasmic rigidity 
determines the body shape for when the 
ectoplasm is fluid the animal necessarily takes 
a spherical form whereas with a stiff surface, 
a variety of shapes can be maintained. The 
ectoplasmic surface may consist simply of the 
ectoplast (page 7) but usually is differenti- 
ated into a definite membrane, the pellicle or 
periplast (Fig. 6). This may be structureless 
or present spiral or longitudinal st nations 
(Fig. 7A) or in connection with the insertion 
of cilia may exhibit alternating ridges and 
grooves (Fig. 55E) or a pattern of square, 
rhomboidal, or polygonal depressions bounded 
by ridges (Figs. IB , C, 55 A). In the ciliate 
Blepharisma , Nadler found that removal of 
the pellicle did not affect the shape or behavior 
of the animal; the pellicle was reformed. 
Thin, obviously lifeless, secreted membranes 

on the external surface of the ectoplasm are 
termed cuticle. 


nV'*’ 



Fig. 6. — A protozoan. 
Frtmtoriia. a holotrichou^ cili- 
ate, viewed from the ventral 
surface. \After T 6 r. ;; * g e & , 
1914.) 1. ectoplasm: 2. ecto- 

plasm; 3. cilia; 4. pellicle : 5. 
tnchocysta : 6. contractile vac- 
uole; 7, feeding canals of 
vacuole; S. lines of attachment 
of cilia: 9. food vacuoles: 10. 
cytopharynx: 11. micro nuclei; 
12, macronucleus. 


The chief locomotor organelles, the cilia and flagella, are filamentous 

projections of living ectoplasm which spring from granules, the basal 

todies (Fig. 7C), embedded in the ectoplasm, and pierce the pellicle 

The various granules and fibrils associated with cilia and flagella are 
considered later. 

Beneath the pellicle the ectoplasm may show much differentiation 
particularly in abates, where it contains the basal bodies of the cilia’ 
various fibrils, and other structures such as trichocysis (Fig. 6, page 165)! 
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Fig. 7. — Protozoan structures. .1. E\g.c\a e 
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In a few forms skeleton is present in the ectoplasm, e g., the plates of the 
little ciliate Coleps (Fig. ID) and the armor of the Ophryoscolecidae Fig. 
7 E) and Cycloposthiidae, remarkable ciliates parasitic in the digestive 

tracts of horses and cattle. 

Contractile fibrils or myoneme-s located usually in the ectoplasm but 
sometimes extending into the entoplasm occur in the more complex 
ciliates (Fig. 7 J) and in gregarines. generally as a layer of longitudinal 
fibers, sometimes in successive layers running at right angles to each other. 
The myonemes are employed to some extent in locomotion but serve 
chiefly to contract the body with reference to external or internal con- 
ditions. Much investigation of protozoan myonemes ha- failed to eluci- 
date the mech anis m of the contraction, which is presumably of the same 
nature as muscle contraction in general. 

The entoplasm is a fluid granular mass composed fundamentally of 
hyaloplasm bestrewed with microsomes and containing one to many 
nuclei, various organelles, and inclusions. The hyaloplasm may be 
dense and uniform or vacuolated with various sizes of watery spheres. 
Protozoa tend to become highly vacuolated when aging, dying, starving, 
or under other adverse conditions. Fibrillar and supporting structures 
are usually absent from the entoplasm. Hardened rods termed trichiks 
are found in association with the mouth in many gymnostomatous ciliates 
(Fig. IF, G) and some flagellates as Peranema (Fig. 27 G, P) and these 
project into the entoplasm and sene to strengthen the food passage. 

The most common organelles of the entoplasm are the chromoplasts 
and the food and contractile vacuoles. Chromoplasts or chromatophons 
are of wide occurrence in flagellates as variously shaped bodies (Fig. 9i. 
They nearly always contain chlorophyll and when composed wholly of 
this substance are termed chloroplasts; but frequently yellow, brown, red, 
or other pigments are also present, masking the green color. Chromo- 
plasts function as in plants in the manufacture of carbohydrates. Asso- 
ciated with and often embedded in the chromoplasts are bodies called 
pyrenoids (Fig. 9), probably also concerned in carbohydrate production. 

Food vacuoles are simply spherical cavities in the entoplasm contain- 
ing digesting food and fluid (Fig. 6). They can hardly be considered 
formed organelles. 


The contractile vacuole (Figs. 6, 8) is characteristic of fresh-water 
Protozoa and marine and parasitic ciliates but is lacking in other marine 
and parasitic groups. It is a vacuole that rhythmically fills with a clear 
fluid, attains a certain size, and then collapses to invisibility, discharging 
its contents to the exterior, directly or by way of the evtopharynx The 
intervals between successive contractions vary' from a few seconds to 

2*? ““T m T* Pr ° tOZOa and temperature 

and chemical content and osmotic pressure of the medium. In parasites 
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Fig. S. Fig. 9. 

Fig. 8. — A ciliate. Dilcptus gigas , with 
numerous contractile vacuoles and numer- 
ous nuclei, from life, nuclei after haema- 
toxylin staining. 

Fig. 9. — A flagellate, Haematococcu * . 
showing flagellar attachments. {After 
Elliott . 1934.; 1. band of trichocysts; 

2, mouth; 3, contractile vacuoles; 4, 
nuclei; 5, basal bodies of flagella, 6, 
rhizoplast; 7. eentriole: S. stigma; 9, endo- 
some; 10. nucleus: 11, cell wall of cellulose; 
12, cup-shaped chloroplast; 13, pyrenoids. 


contraction is unknown but probably 
consists chiefly in a gelation of the 
encircling cytoplasm. In the naked 
rhizopods the apparatus is usually 
a simple vacuole that rolls around 
in the entoplasmic currents, but in 
other protozoans the vacuoles gener- 
ally occupy fixed positions, in or just 
beneath the ectoplasm, and in eiliates 
the system may attain considerable 

complication, comprising one to 
% 

several canals (Fig. 6) that collect 
fluid and discharge droplets whose 
union forms the vacuole. The num- 
ber of vacuoles varies from one to 
several and may be constant for the 
species. In most protozoans, the 
vacuole is not a permanent struc- 
ture but is formed anew after each 
contraction by the fusion of minute 
entoplasmic droplets or small vacu- 
oles. The collecting canals when 
present and the pore seem to be of 
more permanent nature; in some 
cases a canal leads from the vacuole 
to the pore (Figs. 615, 64C). Pieces 
of protozoans so cut as to lack a 
vacuolar system quickly reform one 
and the same happens in normal 

fission. 

Mitochondria as small entoplas- 
mic rods, ovals, or spheres have been 
reported for all groups of Protozoa 
(Fig. 7 /). Bodies of various shapes 
have been identified in many Proto- 
zoa as Golgi bodies but most of these 
identifications are probably errone- 
ous and Golgi bodies have been found 


With cert ai nt v only in gregarines (Fig. 7 H) and some flagellates. Some 
authors regard the parabasal bodies of certain flagellates as Golgi appara- 
tus and Nassonov and others locate it in the wall of the contractile tacuo . 
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Granules, spheres, or other bodies not belonging to any of the fore- 
going categories are usually either digesting food or ergastic substance*. 
The latter include all three kinds of organic food — carbohydrate?, lipids, 
and proteins. Some flagellates store starch but carbohydrates arc 
usually stored as glycogen or as paramylum , which differs -omewhat 
chemically from ordinary starch. Glycogen has been demonstrated by 
chemical test in Pelomyxa, Paramecium y Yorti cello and many parasitic 
forms (Fig. 2/7). Paramylum bodies, often of curious shapes 'Fig. 
27 C, D) are common among the green flagellates. A kind of carbohydrate 
called leucosin occurs in some of the lower orders of flagellates < Fig. 23 D). 
Oil droplets, serving both as stored food and as aids in floating. ar<* com- 
mon in the Radiolaria and Dinoflagellata. Fat spherules strewn 
throughout the entoplasm (Fig. 2 (?) have been demonstrated by chemical 
means in many different Protozoa. Protein spheres and volutin grains 
(Fig. 2 F) are not uncommon and crystals , probably usually organic in 
nature, are also found in Protozoa. In a detailed study of the cvto- 
plasmic constituents of Amoeba proteus, Mast and Doyle identified: 
small spherical or oval bodies, probably mitochondria, large spherical 
refractive bodies with a protein-lipid shell, showing reactions similar to 
Golgi bodies; plate-shaped crystals composed of the amino acid leucin; 
bipyramidal crystals containing magnesium and probably a derivative 
of the jupkft) acid glycine; and droplets of neutral fat. 

\jfrSihe Nucleus. — The protozoan nucleus is far more varied in form 
and construction than the metazoan nucleus and. further, can present 
different appearances at different phases of the life cycle. It consists of 
the nuclear membrane, the nuclear sap or nucleoplasm , chromalin granules, 
and plastin, probably identical with the plasmosomes of metazoan nuclei 
Protozoan nuclei are vesicular or massive: the former, commonly spherical, 
sometimes oval or biconvex, usually consist of a central body, the endo- 
some (Binnerkorper of German writers) encircled by a zone of nuclear 
sap (Fig- 9). The endosome may consist of chromatin alone, or partly 
of chromatin and partly of plastin, often in a definite pattern, or wholly 
of plastin. The chromatin may occur in the endosome or in the nuclear 
sap or attached to the nuclear membrane. In some nuclei there are 
several endosomes while a few vesicular nuclei lack endosomes altogether 
Vesicular nuclei with central endosomes are common in rhizopods. 
flagellates, and Sporozoa, and the micronuclei of ciliates are often of this 
type. Massive nuclei, best illustrated by the ciliate macronucleus « Fig. 
6), are more solid and uniformly constructed of evenly distributed 
chromatin granules. One or more endosomes may be present. Besides 
the usual rounded or oval shapes, ciliate macronuelei often assume unusual 

onns— elongatedbent like a horseshoe, moniliform (like a string of 
beads), or branched (Ties. *7 < e<\ 6 
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The protozoan cvtosome is usually uninucleate but many Radiolaria 
and isolated forms in other groups, such as Pelcmyxa. Opalina, Acting 

'Fi Cal ° nympha ’ are regularly multinucleate 

gs ‘ S ' ’ and bl 4) - In man - v oth er forms multinuclearity occurs 
temporarily at certain phases of the life cycle and is merely an indication 

of an approaching multiple fission. According to R. Hertwig, Gold- 
schmidt, Schaudinn and others, chromatin passes out from the nucleus 
into the cvtosome in some Protozoa, particularly the shelled Lobosa, and 
there accumulates as granules and networks called chromidia (Fig. LL). 
It is further claimed that these chromidia may aggregate into nuclei that 
sen e in reproductit e processes. Doubt has been thrown upon all this 
work by the fact that in some of these cases tested by the Feulgen 
method the chromidial net has failed to give a chromatin reaction. 
Several workers are of the opinion that the alleged chromidia or chromid- 
ial nets are of mitochondrial nature. 

The whole class Ciliata is bi- to multinucleate and in addition has two 
sorts of nuclei, a single large massive macronucleus (sometimes several) 
and one to many (about SO in Stentor coeruleus ) small, often vesicular, 
micronuclei (Fig. 6). The macronucleus is regarded as the somatic 
nucleus, which discharges the usual nuclear functions, while the micro- 
nucleus is generative, concerned only in reproduction. This nuclear 
dimorphism in ciliates has been very puzzling to protozoologists and has 
led some of them to postulate two kinds of chromatin, the vegetative 
trophochromalin and the generative idiochromatin. In uninucleate forms, 
both kinds are assumed to reside in one nucleus. This binudearity 
hypothesis of Goldschmidt has not met with much favor owing to the 
difficulty of applying it to the metazoan nucleus. Another attempt to 
explain the variety and complexity of nuclear conditions in Protozoa is 
the polyencrgid theory* of Max Hartmann. The term energid, as used by 
its inventor, the botanist Sachs, meant a simple nucleus plus the cyto- 
plasmic zone that it controls functionally. Hartmann modified the word 
to mean any nucleus or part of a nucleus that with surrounding cytoplasm 
can reconstitute an individual. Such nuclei are monoenergid. Multi- 
nucleate Protozoa are considered polyencrgid organisms. An apparently 
single nucleus that undergoes multiple division in reproduction by sporu- 
lation is regarded as a polyencrgid nucleus. Here, again, the theory, 
although of value in considering certain phenomena in Protozoa, lacks 
general applicability. But it helps in visualizing the Protozoa as complex 

organisms, rather than as simple cells. 

The conception 0 f karyoplasmic relation ( Kemplasmarelation ) of 

R. Hertwig was already mentioned (page 5). It was based on a study 

■ This i> i r-rontlv developed chemical test for chromatin that has proved very 
useful in idee* ifving nuclear ,i.e„ chromatid substance in cells. 
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of the Protozoa; the volumes of nucleus and cytosome were measured 
at different times in the life cycle and under different conditions of 
temperature, nutrition, external medium, etc. The theory asserts that 
no rmall y a definite ratio exists between nuclear and cytoplasmic mass, 
that the ratio varies with changes in conditions, and that excess of 
cytoplasmic mass leads to cell division. Multinuclearity and elongated, 
moniliform, and branched nuclei are regarded as methods of increasing 
the nuclear surface, thus permitting the continuance of larger cyto- 
plasmic masses. The idea undoubtedly possesses a certain value. 

The Protozoa have constituted the chief material for investigation 
of the function of the nucleus, since many of them can be cut into nucle- 
ated and nonnueleated parts that survive long enough for study. .4 moeba 
and other rhizopods and ciliates have furnished the chief materials. 
Nonnueleated parts survive but a short time. Enucleated portioas of 
Amoeba may live for several days. Movement is never quite normal, 
and often decidedly abnormal. Food is never actively ingested but 
may be enclosed accidentally, whereupon according to most observers 
it is not digested. 1 Response to stimuli is abnormal. Shelled rhizopods 
cannot replace the shell in the absence of the nucleus. Nonnueleated 
parts of ciliates are incapable of regenerating the missing structures while 
this is readily accomplished by nucleated portions. In general, then, in 
the absence of a nucleus, behavior and activities are not normal, survival 
is brief^apd constructive power has been lost. 

\£*4£ncasemen.ts and Shells. — Recent work has shown that the 
capacity to secrete tectin, a mucus-like substance, is widespread among 
the Protozoa and is employed as a temporary protective or anchoring 
device. Many Protozoa, however, are enclosed in more or less permanent 
secreted coverings. These may consist of organic material alone or of 
an organic matrix in which are embedded minerals or foreign bodies such 
as sand grains. The organic substance is either a gelatinous material or 
cellulose or tectin (pseudochitin) ; true chitin is seldom present.’ 'The 
chief minerals found in shells are silica and calcium carbonate, but others 
may occur. These protective coverings may adhere closely to the surface 
or may -be loose encasements. The former vary from simple soft gelati- 
nous or, tectmous envelopes to a hardened armor or cuirass such as the 
cellulose plates of the dinoflageUates (Fig. 10.4). Such armors may be 

sole^epSn.^ ^ ° f EugU ™ by Seated Amoebae constitutes the 


* The chemical nature of the gelatinous substance cannot be stated: it is probably 

glycoprotein, a combination of protein and carbohydrate, similar chemically to 
ucm (slime). Chitin is nonprotein and consists of acetic acid united to glucosamine 

Protozoa. 1 ^ * ^ ^ replaced by NH ’> Chitin is uncommon among 
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variously sculptured or ornamented. More common are those coverings 
separated by a space from the contained protozoan. These may consist 
of gelatinous envelopes or tectinous membranes or bell-, vase-, or beaker- 
shaped cases or loricae of teetin (Fig. 10B, C) ; or shells and skeletons 
composed principaUy of lime or silica or foreign particles embedded in an 
organic matrix (Fig. 40 E). Among the best known examples are the 
shells of the shelled Lobosa (Fig. 10E) and of the Foraminifera (Fig. 41) 



p! G jo. — Types of protosoan encasements. A. A dinoflagellate, Peridtnium* with an 
armor of cellulose plates. (After Barrow, 1918.) B. A chrysomonadine flagellate, 
Dinobryon, attached in vase-iike cellulose cases. ( After Kent , 1880.) C. A peritrichous 
ciliate Oothumia, occurring in couples in a tectinous case with adherent foreign particles, 
from life Atlantic Coast. D . Siliceous shell of a radiolarian. composed of two concentric 
lattice spheres, i After Haeckd . 1887.) E. One of the shelled Lobosa, ^rceOa, with a 
bowl-shaped shell composed of siliceous prisms set m teetin, from life, seen from the ode. 

F. The prisma of the shell, magnified, seen from the side and in surface view. 1, ***** 
. o « 5-7. nrecinguiar plates; 8-10, postcmgular plates; 11 12, 


an tap i cals. 


and the elaborate skeletons of the Radiolaria (Fig. 10D). The latter 
also often penetrate into the interior of the animal. Any of these encase- 
ments can be readily replaced and reformed. In the category of secreted 
protective coverings belong also the cyst walls (Fig. 15) formed by 
ProtozoaAvhen they pass into a dormant state, the walls of spores, etc. 
5/kiretic Elements.— Under this name will be grouped bodies an 

fibrils concerned in mitotic division, i.e., .granules or other bodies that 

j ^ tiiA nniAQ of thp snindle or &tg concerned m 
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mitosis. These are of great variety in the Protozoa, and since they have 
not yet been homologized in the different groups a bewildering assortment 
of names has been applied to them. Kinetic bodies occur in both the 
nucleus and cytosome. Those within the nucleus are termed endobasal 
bodies j intranuclear bodies , and other names. The entire endosome may 
function as an endobasal body pulling apart into a dumbbell-shaped body 
(fig. 22) that takes the place of a mitotic figure; or the endobasal body 


may consist of a granule similar to and behaving 
like a centriole; or the kinetic element of the 
nucleus may consist of a mass like a centrosphere 
that forms polar caps (fig. 162)) at the two ends of 
the nucleus in division. The kinetic elements of 
the cytosome are also of many sorts and may or 

may not be of nuclear origin: In some Protozoa 

♦ 

regular cytoplasmic centrioles with surrounding 

_ ^ » 

centrospheres (Fig. 16 A) are present as permanent 
organelles or appear only at the time of division. 
Or again the division center may consist only of 
the centrosphere lacking centrioles. In flagellates, 
which are particularly rich in these kinetic ele- 
ments, each flagellum is attached to a granule, 
termed the basal body or blepharoplast . This 
granule may be inside the nucleus or attached to 
the nuclear membrane or in the cytosome but is 
usually at the point where the flagellum springs 
from the body. In many cases the blepharoplast 
acts as a centriole dividing in two at mitosis and 



Fig. 11.* — Flagellate 
etrueture. 

inhabiting the in tee tine 
of termites. ( After 
Kirby, 1927.) 1, 3 an- 


drawing apart leaving a connecting strand or te ? or : 2 . blepW- 

desmose between the halves. In such cases the nnrioi e- 5 . nuSH! 6, 

blepharoplast is termed centroblepharaplast by ^ os ' y!e ' “ band 

some authors. In other flagellates there is a basal * 9 . 
separate granule, the centriole, often fastened to coUed * rouad nu- 

the nuclear membrane, and connected by a fibril, 

tte rWzopiMi «ith the basal body of the flagellum (Tigs. 9. 

16H), and this centriole initiates mitosis; but Cleveland's work 

Z^ 5 hi P Ha' ■‘ ba ,‘ baMl b ° d3 '- ^plast, “<* centriole 
S, 1 * 7 g “ ded 38 “ elongated centriole. Additional 

Z hlTh , "Shaped, oval bodies attached to 

flagella that spring from a blepharoplast (really composed „f f u *d 
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blepharoplasts), a rhizoplast extending from the blepharoplast to the 
nucleus where it terminates on a small centriole, an axostyle encircled 
by the nucleus, a parabasal body, which makes a turn around the nucleus, 
and a chromatic basal rod. The axostyle is apparently a supporting 
structure but the function of the two other bodies is unknown. It is 
assumed by some that these various fibrils, rods, and granules in flagellates 
constitute a conductile system, and consequently they are classed as 
neuromotor elements (see below); but there seems little factual support 
for tlu^vlew. 

Locomotion and Locomotory Organelles. — The Protozoa progress 

through the medium in three different ways. Characteristic of the 
Rhizopoda, many Sporozoa, and some other forms is amoeboid movement, 
accomplished by cytoplasmic protrusions, the pseudopodia. In the 
second type, filamentous projections, cilia or flagella, collectively termed 
undulipods, cause progression by their beating. A third mode of locomo- 
tion, gliding, occurs among some Sporozoa. These various methods are 
discussed in detail in the account of the classe*. The speed of locomotion 
ranges from 0.2 to 3 micra per second in various amoeboid forms; 15 to 
300 micra in flagellates; and 400 to 2000 in most ciliates. Many pro- 
tozoans are provided with devices such as oil drops or projecting processes 
that enable them to keep afloat, and some secrete gas bubbles for this 
purp 


urpqsef 

Jr Ni 


Nutrition, Food-intake, and Digestion. — Nutrition is holophytic, 
saprozoic, holozoic, or mixotrophic. Hol ophut ic or autotrophic nutrition 
is identical with the photosynthesis of plants, in which carbohydrates are 
synthesized from water and carbon dioxide with the aid of chloroplasts 
and the energy of sunlight. Proteins are then built up by combining 
nitrogenous salts with carbohydrates. Holophytic nutrition is wide- 
spread among the chlorophyll-bearing flagellates^ some of which can 
therefore live in the light in a solution containing nothing but inorganic 
salts, provided one of these is nitrogenous, such as ammonium nitrate. 
Others, however, require an organic source of nitrogen such as amino 
acids even in the light, and all the holophytic protozoans when in the 
dark live by the saprozoic method and must therefore be provided with 
organic nutrients, such as amino acids, peptones, and sugars. Many 
green forms have not been successfully cultivated in the dark. (Saprozoic 
forms are those which do not ingest solid food but subsist entirely on 
dissolved substances in the medium. Here belong the majority of the 

parasitic Protozoa and a number of free-living colorless flagellates, 
dissolved substances are absorbed through the entire surface or possi y 
through limited re-ions. Some of the free-living saprozoic Aagel a 
can flourish in a surprisingly simple medium; thus Polytoma can build up 
starches and proteins from such simple substances as acetic or butyn 


The 
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acid and amm onium salts; and the little Chilomonas has been cultivated 
in a solution composed of magnesium sulphate, ammonium chloride, 
potassium acid phosphate, and sodium acetate, from which it is claimed 
that the acetate can be omitted if silicon is present as a catalyzer and the 
carbon dioxide supply is adequate; but this result has been disputed. 
Most saprozoic forms must be supplied with amino acids, peptones, etc. 
The term mixotrophic, or mesotrophic, is applied to forms that combine 
the holophytic and saprozoic methods. The majority of the iree-living 
Protozoa are holozoic, i.e., they ingest solid food in the form of other 
organisms, as bacteria, yeasts, algae, protozoans, and small metazoans. 
There have been man y attempts in recent years to cultivate the holozoic 
Protozoa in a medium free from other organisms, or paniculate food 
Success has been attained with a number of ciliates of the genera Gla uoima. 
Colpidium , Colpoda , Loxocephalus. Trichoda , Chilodonella . and with the 
green Paramecium , P. bursaria ; l these forms, normally bacteria feeders, 
can be grown in sterile media containing organic nutrients, such as yeast 
extract, peptones, bouillon, etc. Other bacteria-feeding ciliates, as 
Paramecium caudatum , can be cultivated on sterile paniculate food, as 
dead bacteria and yeasts. No nongreen ciliate has been grown in a purely 
inorganic medium. A soil amoeba has been cultured in a medium con- 
sisting of inorganic salts, peptone, and dextrose (Reich. 1935b 


The holozoic mode of nutrition leads to the specialization of food- 
catching and food-ingesting organelles. The regular locomotor organelles 
usually serve for the capture of prey but additional structures may occur. 
Among the rhizopods food is ingested at any point of the surface, being 
embraced by pseudopods and drawn into the cytosome (Figs. 12 A, 37). 
In flagellates and ciliates a definite region becomes specialized for food 
intake. In its simplest form, seen in some flagellates, this consists of a 
region at the base of the flagellum (Fig. 12 B). In the next stage there is a 
simple mouth opening or cytostome. probably primitively terminal but 
often shifted to a lateral position, which leads into the entoplasm (Fig. 
12(7). In raptorial forms the entoplasmic food passage may be sup- 
ported by a circlet of trichites termed the pharyngeal basket (Fig. 7 F, G). 
Then a tubular or funnel-shaped passage, the cytopharyn x. also called 
ffuOet and esophagus , develops, extending from the surface deep into the 
entoplasm (Fig. 12 Q. Finally a portion of the body surface, the 
periston* may be specialized for directing food into the cytopharynx 
(*ig. 12 D), and both cytopharynx and peristome come to be provided 
with special ciliary tracts or undulating membranes for creating water 
currents that sweep the food into the cytopharynx. 


1 It is now known that several of these ciliates wen 
m fact identical, belonging to an undescribed species 
(Furgason, 1940, Arch. Protistenk vr»l 
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The ingested food may lie directly in the entoplasm but is usually 
enclosed in a food or gastric vacuole with fluid consisting partly of water 
included when the food was engulfed and partly of entoplasmic secretion. 
In ciliates the food vacuoles are moved along in a more or less definite 
course by entoplasmic currents. The assertion of some workers that a 
definite “digestive tube,” along which the vacuoles pass, exists in ciliates 
is a mistake. The contents of the vacuoles undergo alteration and 
digestion by means of acids, alkalies, and enzymes secreted from the 
surro unding entoplasm. Often entoplasmic granules, stainable with 
neutral red, probably mitochondria, attach themselves to the vacuole 
wall and seem to play some role in digestion (Fig. 12F). Changes of 
reaction in the vacuoles have been studied by feeding dyes or dyed foods 
which indicate acidity or alkalinity by change of color (Fig. 12 E). In 
most Protozoa, the food vacuoles pass through two phases, an early acid 
phase and a later alkaline phase, although in some cases the acid phase 
cannot be demonstrated. Report of an additional brief alkaline phase 
preceding the acid phase in some ciliates is probably erroneous. It Is 
generally stated that during the acid phase the prey is killed and the 
contents of the vacuole concentrated. The acid is inorganic, probably 
hydrochloric, and in Paramecium was found by Nirenstein to attain a 
concentration of 0.3 per cent but in most Protozoa is more dilute. How- 


land in Adinosphaerium reported an increase in acidity in the food 
vacuoles from an original pH of 6.9 to one of 4.3. A recent suggestion 
that the acidity results from the death of the prey and not from a secreted 
acid is plausible; but meets the difficulties that the acid is inorganic in 
nature according to several workers and is omitted in some Protozoa. 


Most or all of the digestion occurs during the alkaline phase in which the 
vacuole swells again through intake of water (Fig. 12 E). Its contents 
dissolve and pass into the entoplasm. In rhizopods, indigestible rem- 
nants lag into the rear and are emitted and left behind as the animal flows 
onward; m flagellates and ciliates they are generally ejected at a more or 
less definite point, the cytopyge (Fig. 57 C). This is usually detectable 
only when in use, but in some ciliates a canal leads to the cytopyge. 

As in all animals, digestion is performed by enzymes, which are 
secreted into the food vacuoles from the entoplasm. Proteases i.e 
protein-splitting enzymes, have been demonstrated in many Protozoa 
Mid seem usually to be similar to trypsin, acting in alkaline medium 
repsm-like proteases requiring an acid medium have also been found in 

i. vacuole 'full^nde^ condensing. stains dwp red; 

8ta ‘ ns oran ^ alkaline; contents partlyd^lSTtao.nr^n e * P , a " d,n « a * airi ' 

contents mostly gone; g, vacuole about to he 1' !' f yel!ow ' fully Saline. 

a few indigestible remnants. 1 Set 2 Uichot f T Cyt ° P> * e WUow. 
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animals; thus the flagellate commensals of the termite intestine can 
be killed without harm to the host by placing the host in a high oxygen 


as 


atmosphere^. — 

fJJriSxcretion and the Contractile Vacuole. — Excretion is here defined 
as the concentration and elimination of metabolic wastes other than the 
respiratory gases. The most important excretions are nitrogenous and 
result from the utilization of proteins. The nitrogenous wastes of Pro- 
tozoa seem to vary with the species; thus Paramecium and Spirostomum 
are reported to give off urea and ammonia; Didinium, ammonia and 
some uric acid; Glaucoma, amm onia and amids; and Bodo, ammonia. 
Parasitic forms that metabolize chiefly carbohydrates such as trypano- 
somes give off ammonia and a variety of organic acids. Ammonia is 
apparently the most common nitrogenous waste of Protozoa. 

Many workers have assigned a specific excretory function to the con- 
tractile vacuole. This view originated with the claim of Griffiths (1889) 
that he had demonstrated by chemical test the presence of uric acid in 
the vacuoles of Amoeba and other Protozoa. Recent attempts to verify 
Griffiths’ results, using his procedure, were entirely negative, but 
Weatherby (1927, 1929) with a more sensitive test has found urea in the 
fluid withdrawn by a micropipette from the vacuole of Spirostomum. 
However, the concentration was too low to warrant assigning a specific 
excretory function to the vacuole. More acceptable at present is the 
view that the vacuole regulates the water content of the animal. In a 
medium of lower osmotic pressure than cytoplasm, as fresh water, water 
continually passes into the cytosome, and some device to prevent excess 
hydration is necessary. This view accounts for the lack of a vacuole in 
many marine Protozoa, its disappearance when a fresh-water protozoan 
is gradually transferred to sea water, the acceleration of the pulsation 
rate m media of low osmotic pressure, retardation and stoppage in con- 
centrated media, and similar facts. In marine ciliates where the vacuolar 
rate is very slow, dilution of the sea water enormously accelerates the 
pulsation rate but not if the osmotic pressure of the medium is main- 
tamed unaltered by addition of a nonelectrolyte. If vacuolar activity is 
i^ibited by means of potassium cyanide, the body swells (Kitching, 
1938). Injection of distilled water into amoeba results in increased rate 
of vacuolar output (Howland and Pollack, 1927). Some workers con- 
tend that water does not pass continuously into Protozoa through the 
surface but enters only or chiefly at the gullet in the formation of food 

F 7 h ’ w 7 , However, Kitching (1939) has shown that the 
with food vacuoles is only a fraction of the output of the 

w^l^ 6 Tr Ie m freSh ' Water Protozoa and as proof of entry of 

Jv g T 8UrfaCe ° fferS the facts that ^esh-water forms 

shrink after addition of sea water aoH merino li • 
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sea water 1938V Furthermore, vacuolar systems exist in Protozoa that 
do not torn food vacuoles, as the green flagellates. However, water 
intake at the pharynx may be the chief source of excess water in a few 
species, especially those with thick or protected pellicles. According to 
Frisch, the rate of pulsation of the posterior vacuole of Paramecium, 
which is near the gullet, is accelerated during feeding, apparently because 
of the water ingested with the food. 

The a\ ailable fact* thus indicate that the vacuolar system serves to 
regulate the water content of the cytosome, eliminating excess water 
entering through the surface and with food. The presence of a con- 
tractile vacuole in many marine Protozoa offers some difficulty; but 
Kitching has found that the output from the vacuole is about equal to 
the intake with food, so that in marine forms excess water originates 
entirely from the food vacuoles. The rate of pulsation is extremely 
slow in marine Protozoa. The absence of a vacuole in marine rhizopods 
may be explained on the assumption that water is ejected with the undi- 
gested consents of food vacuoles. Among parasitic forms, the vacuolar 
system mav aid in the diffusion of absorbed food. 

The water discharged to the exterior by vacuoles necessarily contains 
a proportionate amount of metabolic wastes and respiratory gases, but 
this fact does not justify assigning a specific excretory or respiratory role 
to the apparatus. However, it must be emphasized that regulation of 
water content is an important function of excretory systems throughout 
the animal kingdom. It is not impossible that it is the primary function, 
and hence in this sense the vacuolar system of Protozoa would constitute 

the most primitive excretory system. 

In 1924. Xassonov reported that the vacuolar wall in several Protozoa 

blackens with osmic acid and hence resembles a Golgi apparatus, and 
postulated that the apparatus may have secretory powers. The black- 
ening has been verified for some Protozoa, but in most the vacuolar 
wall does not contain any lipins. Gatenbv and Singh (1938) have found 
true Golgi material associated with the vacuolar apparatus of two 
flagellat-s Euglna. Co pro monos) and believe it functions in the collection 
of water for the vacuole, although they regard this function as secondarily 

acquired. 

wall uray have specific power to secrete water. 

^10. Neuromotor System and Sense Perception. It was formerly 
t»,lw v -1 that the Protozoa are devoid of conductile specializations, but 
r ;,,. n , vars there has been demonstrated in many ciliates a so-caled 
uPi „i,'r .<:;*(•: m . This consists primarily of longitudinal ectoplasmic 

F vi-n'fi'/jrv fbrils. which connect the basal bodies of the cilia 
,ther Fig- 7 B, C. 55.4. and 56//). Transverse connections 
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additional longitudinal fibrils, the interstrial connectives, midway between 
the interciliary fibrils (Fig. 13.4). All these fibrils may center in a small 
body, the motorium, situated near the eytopharynx (Fig. 13.4, B, and C} 
The surface fibrils continue into the pharynx wall, which generally has a 
lattice work of longitudinal and circular fibrils, and often additional 
strands pass from the eytopharynx into the entoplasm (Fig. 13C). It 
seems highly probable that at least some of these fibrils are conductile 
in nature, serving to coordinate the cilia, the movements of membsanelle> 
and cirri, and food-ingesting activities. Experimental evidence of the 
nervous nature of the system has been offered by Taylor, who, after 
cutting the connectives from the motorium to the five anal cirri in 
Euplotes (Fig. 132?), observed lack of coordination and disturbances of 
locomotion; and by MacDougall, who noted great disturbance of the 
cilia after the destruction of the motorium in Chlamydodon. Some of 
the fibrils may be supporting, and in Boveria (Fig. 13,4) the interciliary 
fibrils also function as myonemes. Various fibrils from the flagellar 
basal granules of flagellates have been considered to constitute a neuro- 
motor system. 

Conduction, of stimuli certainly occurs in Protozoa, since external 
agents applied to one point may evoke response at a distant point. The 
coordinated movements of cilia in forward and backward locomotion 
are not understandable without the presence of some conducting mech- 
anism. Conduction is ectoplasmic, since ciliary coordination in Spiro- 
slomum is abolished if the ectoplasm is tom but is not affected if the 
entoplasm is squeezed out of a body region. 

Protozoa perceive and respond by movements to factors in the envir- 


onment such as food, contact, light, chemicals, etc. Such perception 

is probably in most cases a general property of the ectoplasm. According 

to Mast, light perception in Amoeba resides in the inner part of the 

ectoplasm. In ciliates the whole surface is equally sensitive to chemicals 

and heat since portions (. Paramecium ) react the same as intact animals. 

Cilia and flagella probably function in general as tango- and chemo- 

receptors; in addition there are in many ciliates special stiff motionless 

cilia, isolated or in rows, that apparently are receptors of tactile and 

chemical stimuli (Fig. 132)). The most remarkable sense organelle of 

Protozoa is, however, the stigma or eyespot of certain flagellates, which is 

a photoreceptor and in the Volvocales consists, according to Mast of a 

pigment cup, a light-sensitive substance contained within the cup and 

sometimes of a lens-like pellicular thickening (Fig. 13 E). Still more 

astonishing is the eyespot of some dinoflagellates as Pouchetia (Fig 2522) 
with its large spherical lens. ' 


In general, then, Protozoa behave as if they had a nervous system 
ehomng perception, conduction, and response: and in at leas, 
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differentiated organelles serving these functions appear to oe 
present, although it must be emphasized that such functions also reside 

in appdfently undifferentiated protoplasm. 

.^✓xL Behavior. — This term usually refers to movements elicited by 
changes in external factors. Response is of two general sorts, depending 
on whether the external change is perceived merely as an alteration of 
intensity or concentration or whether also its location plays a role. In 
the former case, the response, termed a phobotaxis, is general and undi- 
rected; in the latter there is a directed reaction or topotaxis, with respect 
to the location of the agent. Reactions to particular agents are named 
by combining the name of the agent with the word taxis, as phototaxis, 
chemotaxis, thigmotaxis, thermotaxis, rheotaxis, galvanotaxis and 
geotaxis, responses to light, chemicals, contact, heat, water currents, 
electric currents, and gravity, respectively. The receptors of such 
stimuli are similarly named photo-, ehemo-, tango- etc., receptors. 

The majority of protozoan reactions are phobotaxes and are of the 
same general character throughout the phylum. Upon encountering 
an unfavorable medium or condition or when touched, the animal stops, 
retreats, turns at an angle to its previous course, and then resumes 
locomotion in the new direction (Fig. 14.4). The details for each species 
depend upon its form and symmetry and type of motor organelles. This 
general phobotactic reaction is also called the avoiding reaction, and the 
method of escaping unsuitable conditions and finding more satisfactory 
ones by repetitions of the avoiding reaction is named the “ trial-and- 
erTor” method. This behavior is exclusively negative. Favorable 
conditions elicit no response, but the animal is able to remain in such 
conditions by giving the avoiding reaction whenever it chances to leave 
them. Ry these means, Protozoa, presented with a choice of conditions 
or a gradient in one condition, in the course of time aggregate in a favor- 
able situation, which is then called the “optimum” of that agent. 

Chemotaxis is universal among Protozoa. To most chemicals an 
avoiding reaction is given. Some, particularly weak acids, elicit a 
so-called positive response, i.e, the animal fails to react on entering a 
favorable concentration but gives the avoiding reaction if about to leave. 
In this way large numbers of eiliates aggregate in a drop or ring of opti- 
concentration. Earlier statements that only the anterior end of 
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Paramecium is sensitive to chemicals have not been verified by recent 
workers (Horton, Koehler). 

Most ciliates and colorless flagellates are indifferent to light but some 
select an optimum of moderate light intensity. Amoeba gives an avoiding 
reaction to bright light. The green flagellates are highly sensitive to 
light, a special case discussed below. 

When placed in a temperature gradient, most Protozoa respond and 
select an optimum temperature by trial and error. For Paramecium 
the optimum is 24 to 28°C. The optimum depends, however, on the 
temperature at which the animals were previously kept and can also 
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Fig. 14. — Reactions of Protozoa. A. Avoiding reaction of Paramecium on striking 
an obstacle from life; the animal bounces backward, swerves in the direction opposite the 
peristome and proceeds in a new direction. B. Galvanotactic respons^f OpahruL ranarum , 
ciliate from the frog’s intestine (after Wallengren , 1903), showing ciliary beat m different 

positions with reference to the poles of the current. 

be altered by other conditions. Recent results indicate that the entire 
surface is equally thermosensitive. Local applications of temperatures 
above or below the optimum elicit an avoiding reaction. 

To localized touch, an avoiding reaction is generally given, but 
positive thigmotaxis, in which the animals come to rest in contact with 
objects, is common among Protozoa. Agitation or vibration causes 
rhizopods to withdraw their pseudopodia and round up, induces con- 
traction in ciliates with myonemes, and more rapid swimming in other 

jP rms 

°”a few cases of positive rheotaxis, swimming against a water current, 
are known. Paramecium exhibits negative geotaxis, i.e., swims upward, 
oarticularly when carbon dioxide has accumulated in the medium. 
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Different investigators have failed to reach any agreement as to the 
means by which Paramecium perceives the direction of gravity. 

Directed reactions or topotaxes are the exception in Protozoa. The 
active pursuit of food may belong here and perhaps positive thigmotaxis. 
But the two most striking examples are the light response of the green 
flagellates and galvanotaxis. In the former case any change in the 
direction of light affects the eyespot, and this change in turn is somehow 
conveyed to the flagella, which alter their beat so as to turn the organism 
with its axis in line with the light rays. Although green flagellates are 
generally positive to light, their reaction can be changed to a negative 
one by chemicals, preceding light conditions, etc. Galvanotaxis fur- 
nishes the best example of a directed response. Most Protozoa when 
subjected to a constant electric current turn and swim or crawl toward 
the cathode. The turning apparently results from the direct action of 
the current on the cilia or other locomotor organelles. The cilia on the 
cathodal side beat forward, those on the anodal side backward, and the 
animal is thus turned to face the cathode (Fig. 14B). 1 Rhizopods put 
out pseudopods on the cathodal side and withdraw them from the anodal 
side. 


The topotaxes were formerly called tropisms, defined as forced invol- 
untary orientation with respect to a source of energy. Tropisms were 
explained thus: whenever an external agent acted unsymmetrically upon 
the two halves of a bilaterally symmetrical animal, it set up an unequal 
intensity of chemical reaction in the two sides, and this chemical differ- 


ence caused the locomotor apparatus to react to different degrees on the 
two sides, more strongly on the side away from the agent, forcing the 
animal to turn until its axis was parallel to the direction of the agent. 
J. Loeb and his supporters attempted energetically to prove that all 
animal reactions are of this forced compulsory kind. Originally opposed 
by Jennings, who showed through careful observation that the majority 
of the lower organisms react by the trial-and-error method, Loeb’s idea 
has met with less and less acceptance until now very few reactions of 
Protozoa are considered to be of the compulsory type, and the word 
tropism has gradually come to be restricted to the growth responses of 
plantsanstseseile animals and to the reactions of the latter. 

'-KTEncptment.— The secretion of a protective wall under unfavor- 
able conditions or during reproduction is widespread among the fresh- 

1 This explanation appears to the author inadequate, since it fails to explain whv 
animals facing the anode do not continue toward the anode. Further wh"n the 
res^nse of organisms to other agents, as fight, is reversed, galvanotaxis is a bo reversed 

amply from the direct action of the current on cilia and flagella The author J ^ 
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Many fresh-water Protozoa readily encyst under natural or labora- 
tory conditions, while others seldom or never pass into this state Th- 
ordinary protective cyst is formed under unfavorable circumstances -m-h 
as lack of food, lark of oxygon, diying. heat. cold, fouling of the medium, 
chances in acidity and alkalinity, injurious chemicals, or accumulation of 
metabolic wastes: and can he induced in the laboratory by application oi 
such conditions. Internal changes, such as rich feeding, may also induce 
enevstment. In some Protozoa, enevstment ensues. appartn h for .he 
purpose of dieesticn. after intake of large food bodies, resulting ir diges- 
tion evs m. Another kind of cyst is the reproduction cyst, within whmh 
fission occurs -Fics. 17 D. 61 M\ Nuclear degeneration followed by 
reorganization has also been reported with the designation ot such C 
«s rccce.-r. 7 i Ac evsrs. Emergence from the cyst, or exeystment. oc^lrs 
under favorable conditions, such as adding fresh oxygenated water ». 
Lner noidi-v or Mb culture medium. First the contract* vacuole 
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appears, followed by cilia and other organelles. The entoeyst dissolves, 
probably through enzyme action, and the ectocyst is ruptured by the 
assaults of the contained animal, now enlarged through intake of water 
The escaped protozoan quickly regains normal structure and shape 
although in some cases on emergence it resembles an ancestral form and 
passes through a series of changes. 

The cysts of Protozoa occur attached to grasses, vegetation, and other 
objects, in the soil, etc., and may be disseminated by various agents but 
do not float about in the air to any extent. In Puschkarew’s experiments, 
air inoculation of sterile cultures resulted in only 13 species, chiefly small 
amoebas and flagellates and one eiliato (Colpoda). Frequently, sterile 
cultures exposed to the air fail to develop any Protozoa. Encysted 
Protozoa may survive drying for long periods. In most cases dry cysts 
remain viable for several months to 5 veals, but Hausman recovered 
flagellates from material dried 20 years, and Goodey upon culturing 
museum specimens of old dry soils obtained Colpoda from soils 38 years 
old and amoebas and small flagellates such as Monas, Bodo, and Cer- 
comonas from 49-year-old specimens. The cysts of Colpoda are not 
injured by high vacuum if gradually produced and if very dry will stand 
the temperature of liquid air ( — 180°C.) for 13 hours, 70°C. for 26 hours, 
and 106°C. for 1 hour. Some cysts hatched even after 12 1 4 days in 
liquid air£C*ylor and Strickland, 1936). 

^rifuclear Phenomena of Division— The former belief that division 
in Protozoa is chiefly amitotic and that approaches to the mitotic method 


represent primitive stages has been shown by more careful evtologieal 
studies to be erroneous. Most Protozoa divide mitotically, and depar- 
tures from the typical procedure are probably modifications rather than 
stages in evolution. Genuine amitosis is limited to the macronucleus of 

ciliates (Fig. 3 A). In Protozoa the mitotic figure is usually entirely of 
nuclear origin (Figs. 16F, H, K and 38 F, H). 


Protozoan mitoses have been classified by Belar (1926) 1 into eumitotic, 
paramiiotic, and cryptomitotic types. The eumitoses resemble the 
ordinary karyokinesis, and there may be a complete mitotic figure of 
cytoplasmic origin and chromosomes that behave typically (Fig 16 4-6 j 
Variations from this type include the origin of the eentrioles from the 
nuclear membrane and the absence of eentrioles, with centro.phere. or 
polar caps serving as the poles of the spindle; and also the entire lark of 
cytoplasmic granules or areas acting as poles. In another series of form, 
which include most Protozoa, the mitotic figure is entirely enclosed inside 

^ U sn ar m 7 T may haVe CeDtrioles centrospheres 
(Fig~38F) or eentrioles alone (Fig. 16 H) or polar caps (Fig. 16 D, K) or 

»^Zd the ° f Pr0t0Z ° an mitOS,S ’ tWs Class - al PaP« of Belar's should !e 
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entirely lack polar structures (Fig. 16 E-G). Figure 16Z> is a case with an 
intranuclear figure with polar caps and astral rays in the adjacent cyto- 
plasm. In all these variations of the eumitotic type there is a spindle 

with de fini te chromosomes that behave typically. 

Under the term paramitotic, Belar has included those cases where 
the chromosome behavior is atypical, displaying irregularities in position 
on the spindle or manner of dividing. The achromatic figure may 
exhibit any of the variations described above. The name cryptomitosis 
is applied to cases where the achromatic figure is more or less evident 
but definite chromosome formation is lacking and the chromatic division 
is practically amitotic. 

The endosome plays a variable role. In some forms both centrioles 
and chromosomes come from the endosome; this kind of division is called 
promitosis by some authors. Again the endosome may furnish only the 
chromosomes (mesomitosis) ; or, as in euglenoid flagellates, the whole 
endosome acts as a centriole ( haplomitosis , Fig. 22 A-D). In many 
cases, the endosome, being composed of plastin, plays no role in division 
but disappears (Fig. 16/7). 

Whereas in many Protozoa there is no formation of distinct chromo- 
somes, in others chromosomes of specific shape and number appear at 
each division. The numbers in known cases range mostly from a few to 
50, but in some Radiolaria more than a thousand chromosomes are 


formed. Such nuclei are considered polyenergid (page 54) by certain 
authors-^'''"'”’ 

Asexual Reproduction and Division of the Cytosome. — Four types 


of asexual reproduction are generally recognized in Protozoa: bin ary 
fission, budding , multiple fission, and plasmotomy. Binary fission, or 
division into two approximately equal parts: constitutes the usual 


method. The nucleus divides by any of the methods indicated above, 
the cytoplasm by a constriction. In flagellates and peritrichous ciliates, 
fission is longitudinal and initiated at the anterior end (Figs. 17A and 
65 C-E); in other ciliates, the fission plane is transverse (Fig. 175, C). 
Organelles either divide also, or one daughter cell retains them and the 
other must regenerate them, or each cell receives some of the old organ- 
elles and regenerates the others, or the organelles disappear (Fig. 17 E) 
and are reformed by both offspring. Some Protozoa, e.g., Colpoda and 
Tillina, divide only in the encysted state (Figs. 17D and 6137). 

Budding in Protozoa is a form of fission in which one of the products is 
unlike the mother animal and undergoes differentiation either before or 
after it becomes free. The bud is usually, but not necessarily, smaller 
than the other fission product. Budding is rare and sporadic except in 
the Suctona (Fig. 67) where it is the regular mode of reproduction. In 
exogenous budding, one to many buds are constricted off to the exterior 
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In endogenous budding the buds are liberated into internal spaces or 
brood chambers where they may divide before they escape to the exterior. 

Multiple division or sporulation is the division simultaneously into a 
number of offspring (Fig. 17 F). Previous to multiple fission, the proto- 
zoan always becomes multinucleate, usually by a rapid succession of 
ordinary nuclear divisions, rarely by the fragmentation of the nucleus 
^.eously into a number of parts. The nuclei usually assume a 
5al position, cytoplasm constricts around each one, and the 
„„jan falls apart into as many offspring as there are nuclei. The 
jnm tipr may be very large, running into thousands. Any remnant of 
Jjfhe mother cell disintegrates. Multiple fission is termed schizogony or 
r agamogony when occurring in an asexual cycle where the products develop 
directly into adults. It is called sporogony when following sexual fusion 
and gamogony when the products are sex cells. Various names are 
applied to the offspring resulting from multiple fission. When asexual 
they are included under the name agamete. When incased in a shell or 
other resistant covering they are usually termed spore and in this condi- 
tion may remain viable for a long time. Motile products of multiple 
fission are often called swarm spores or swarmers; if flagellate, flagello- 
spores; when amoeboid, pseudopodiosporcs or amoebospores, etc. Sporula- 
tion i^common in Foraminifera, Radiolaria, and Sporozoa. 

Plasmotomy is the division of a multinucleat e protozoan into two or 
more parts without any nuclear division, the nuclei simply being distri- 
buteefamon g the p roducts. It occurs in the opalinids and some other 
forms. 

"Sexual Reproduction.— Two kinds 

* - - - V V All 

copulation or syngamy, the fusion of two sex cells; and conju- 
gation or temporary contact of two protozoans with nuclear exchange. 

In syngamy the two uniting cells are called gametes. Gametes display 
all degrees of differentiation. They may not differ morphologically from 
the ordinary individual and are recognized as gametes only by their 
behavior. Such sexual fusion of two ordinary mature protozoan indi- 
viduals is termed hologamy and is known for a few flagellates and rhizo- 
pods (Fig. 17 G-J). When the fusing individuals are young, the 
phenomenon is termed paedogamy. Ordinarily, however, copulation 
occurs between special gametes differing in size and often morphology 
from the parent organism and from agametes. When the copulating 
gametes are alike in size and form they are termed isogametes and their 
umon is isogamy. Isogamous gametes are generally produced by multi- 
ple fission or a succession of binary fissions and often escape as flagellate 
swarmers that fuse in pairs (Fig. 2SE). Isogamy is common in the 

Forammifera, the Phytomonadina, and the gregarines. Usually how- 
ever, the two fusing gametes differ in size 
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Differing gametes are called anisogametes (Fig. 18R, C) and their fusion 

^ Qnisogamy. All possible grades of difference be- 
tween a copulating pair of anisogametes exist in 
Protozoa, from a slight size difference to the extreme 
case of union of a small, active, generally flagellated, 
male gamete or microgamete produced by multiple 
fission or a succession of binary fissions, with ^ large, 
passive, immotile, food-filled female gamete or macro- 
gamete (Fig. 5LL). Such fully differentiated gametes 
are really spermatozoa and eggs. They occur in 
the Phytomonadina and the Sporozoa. Where the 
fusing gametes are products of one parent cell, the 
union is termed autogamy (Fig. 44 D-G). The cell 
resulting from the fusion of two gametes is termed 
the fertilized egg or zygote or oospore , and its nucleus 
formed by the union of the nuclei of the gametes is 
the synkaryon. The zygote may develop directly 
into the adult or may first encyst and emerge as a 
young animal; or frequently it undergoes multiple 
fission or repeated da visions often within a cyst 
wall into agametes of various types that esc^e and 
grow to the adult form. 

In conjugation, two protozoans attach by the 
mouth region (Fig. 18D), exchange nuclear material 
by way of the attachment, and then separate and 
continue their ordinary existence. This sexual 
conduct is limited to the subphylum Ciliophora 

where it will be considered in detail. 

Both in gamete formation and in conjugation a 

reduction of chromosomes occurs, and this may, as 
A-Ctinophrys, be almost identical in all cytological 
details with reduction in the sex cells of Metazoa. 
In most Protozoa as in other animals the gametes 
are haploid and the zygote and all other stages 
diploid ; but it appears that in some Sporozoa only 
the zygote is diploid and the gametes and entire 
life cycle are haploid. Reduction in these cases 

takes place in the first divisions of the zygote. 

A curious phenomenon observed in some rhixopods 
is the fusion, generally partial, of two or more 

The nuclei remain distinct and the organ- 
separate again unchanged sooner or later The 
behavior is thus nonsejual and is known as plcsmoga m, or cytoplasm* 
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A. Chlorogonium, one 
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producing macrogam- 
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D. Pa^am'Cium in con- 
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union. In some cases itsgpees me purple ul ^ - 

(Fig. 44B, C). 

16. Regenerafion.— The capacity for regeneration or replacement oi 
lost parts is widespread among the Protozoa and is normally displayed by 
many forms at fission (Fig. 17 E) or excystment, cases of so-called physio- 
logical regeneration. Parasitic Protozoa so far as tested have but slight 
regenerative power. The behavior of experimentally cut pieces of free- 
living rhizopods and ciliates has been studied by many worker?. ^ ho agree 
that nucleated pieces of sufficient size reform proportional missing parts 
and may assume normal shape, often within a few hours (Fig. 19.4). 
Old organelles may be retained or may be shed or absorbed and entirely 
new ones differentiated; the latter is the rule in the more highly differ- 
entiated ciliates, as the Hypotricha. Enucleated pieces may regenerate 
to some extent, but as a rule a fragment of nucleus is essential for the 
completion of the process, probably not because of any specific action of 
the nucleus on regeneration but because of the necessity of the nucleus 
for survival and constructive metabolism. In ciliates a piece of the 
macronucleus is required for regeneration, and hence genera with elon- 
gated or numerous macronuclei furnish the most suitable material, as 
Stentor , Spirostomum , Dileptus, Uroleptus , Euplotee , etc. In such forms, 
Sokoloff found that pieces o to ^75 of the original volume can regen- 
erate completely. Size of piece and in some species level of the body 
represented in the piece affect the rate and result of regeneration. A 
proper proportion of ectoplasm, entoplasm, and nucleus in the piece is the 
most important factor, especially the quantity of ectoplasm, since this 
must cover the cut surface quickly to prevent disintegration and must 
reform most of the missing organelles. Whether a micronucleus is 


essential for the regeneration of pieces of ciliates has not been definitely 
settled; according to the results of Young on Vronychia and Tittler 
on Uroleptus , some regeneration can occur in pieces devoid of a 
micronucleus, but complete regeneration is not possible in such pieces. 
Considerable reorganization of the macronucleus may occur during regen- 
eration. Isolated nuclei are unable to create cytoplasm and perish. In 
hypotrichous ciliates, where all old organelles are shed or absorbed at 
regeneration and fission, the new organelles arise in a small definitely 
located area, termed the regeneration field , and from there migrate to 
their eventual locations (Fig. 19-4). Whether the conception of a regen- 
eration field can be generally applied to Protozoa remains to be seen. 
Regenerative power is least shortly after fission in ciliates and increases 
to the next fission (Calkins, 1911; D. B. Young, 1922). 

17. Genetics. An assemblage of organisms derived by asexual 
reproduction from a single ancestor is called a pure line or clone. In 
Protozoa, study of clones derived from random individuals has shown 
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that each species can be split into a number of clones that differ in size, 
shape, rate of fission, frequency of conjugation, resistance to heat and 
cold and chemicals, number of contractile vacuoles, and other charac ters. 
Such diverse clones, originally obtained in Paramecium by Jennings, 
have since been isolated in many protozoan species. The shelled Lobosa 
furnish the most favorable material because of the ease of study of the 
variations of the shells. Under a given set of environmental conditions, 
the characters of a clone are constant within the normal range of variation 
and are inherited. Alteration of the environment induces alterations in 
the clone. The first attempts, headed by Jennings, to obtain diverse 
clones within a clone by cultivating the extreme variations, gave negative 
results, and it was concluded that clonal variations are not inheritable. 
But further researches, in some of which again the shelled Lobosa proved 
suitable material, showed that some of the clonal variations are inherit- 
able so that clones may be split into new clones (Fig. 19C-G). Thus e ach 
species continues to diversify itself. Among the causes that have been 
suggested for the splitting of species into clones and clones into new 
clones are nuclear reorganizations and recombinations at endomixis 
(page 176) and conjugation, alterations in the karyoplasmic ratio, and 
environmental changes. On the last matter the most pretentious 
experiments are those of Jollos with Paramecium. Resistance to high 
temperature and injurious chemicals, developed by a slow process of 
acclimatization, and decrease in fission rate induced by calcium salts, were 
inherited if the exposure to these conditions had been sufficiently pro- 
longed. The inheritance of the induced alteration persisted for a long 

time after return to normal cultural conditions, but eventually the 
acquired properties were lost. 


From these interesting researches on Protozoa 1 we get a picture of 
organisms constantly changing in morphology and physiology in correla- 
tion withjuteroal reorganizations and environmental alterations. 
^^40TfccologicaI Considerations.— In discussing animal habitats and 
distribution, certain ecological terms are convenient. Aquatic animals 
may be classified mto pelagic or limnetic types that occupy the open 
waters of oceans, seas, and lakes, and are independent of the bottom, and 
benihonic types which live in or on the bottom. Pelagic organisms are 
again divisible into the plankton, including the smaller and microscopic 
floating and swimming forms that are moved about by winds, waves 
tides, and currents and are incapable of directed locomotion- and the 
nekton, the larger swimming animals whose movements are independent 
of the phystcal forces at work in the water. In fresh water the nekton 
constats practtcally wholly of fish; in the ocean it comprises fish, aquatic 
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mammals, and some large crustaceans and cephalopods. In the ocean 
pelagic 1'fe is conveniently divided into epi pelagic animals, occupying 
the upper strata of the open waters, say to about 200 m. depth, and the 
bathypdagic types, which inhabit the deeper waters. Floating forms 
living at the surface have been termed neuston, and pelagic forms typical 
of shallow water near the shores of oceans are referred to as neritic. The 
benthos or bottom of the ocean is divisible into the shallow-water or 
littoral zone comprising the continental shelf extending 5 to 250 miles off 
shore and roughly to about 200 m. depth; the archibenthal zone, down 
to about 1000 m. depth; and the abyssal zone, including the remaining 
bottom, which runs in general to about 6000 m., and the ocean deeps, 
relatively small basins in the ocean bottom 6000 to over 10,000 m. in 
depth. The lower part of the littoral, 40 to 200 m., is often called 
sublittoral. 


Fresh-water habitats classify as lentic or standing- water bodies: 
lake-pond-swamp series, and lotic, or running-water formations: brook- 
stream-river series. Among the smaller lentic environments, such as 
pools, ditches, ponds, and swamps, the animals are practically all littoral 
and benthonic. Only in the larger ponds and in lakes is the fauna divis- 
ible into pelagic and benthonic types. The divisions of the benthos in 
lakes are naturally much smaller than in the ocean and an abyssal zone 
is practically nonexistent. Lake bottoms are divided by Welch into 
littoral , comprising the zone of rooted vegetation, sublittoral, from this 
level down to the zone of relatively constant physical conditions, and 
the profundal , including the latter zone. 

The Protozoa inhabit water everywhere. In the ocean they display 
some distribution with reference to temperature, salt content, light, and 


depth. There are definite warm- and cold-water species and benthonic 
and plankton forms. The plankton Protozoa are often provided with 
floating devices in the form of oil drops and projecting processes or 
skeletal spicules. The dinoflagellates constitute an important part of 
the epi pelagic fauna of the ocean, the Radiolaria are epi- and bathy- 
pclagiv. and the Foraminifera and other rhizopods are mostly littoral 
benthonic tvjn's. Fresh waters everywhere contain Protozoa, but they 
are lea-t abundant in lotic and most abundant in lentic habitats, espe- 
cially those where decay exists. Most of the fresh-water species are 
cosmopolitan, i.e.. occur all over the world, but their local distribution 
is governed by factors such as light, temperature, acidity, salts, oxygen 
content d-grce of putrefaction, etc. Protozoa are also abundant in 
damp -nils, wot mosses, fecal deposits, etc., and readily excyst and encyst 
a.< the v iter content of such habitats changes. The term coprozoic is 
applied to Protozoa characteristic of fecal pools, sapropelic to those of 
the bottom -lime in foul waters. The cysts of Protozoa seem to be 
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ubiquitous; they have been found in desert sands, on dry mountain 
heights, and in the dust of glaciers and icebergs. They remain viable 
for months and years (page 71), hatch quickly in the presence of en 
minute amounts of water, and encyst again when dried. It has been 
estimated that more than a million Protozoa may inhabit 1 g. of garden 
soil. Whether the soil Protozoa play any role in enriching the soil has 

not been satisfactorily determined. 

Protozoa display considerable power of acclimation to environmental 
factors. Although most Protozoa die at temperatures of 30 to 40 C., 
some species inhabit hot springs that range from 40 to 65 C., and many 
can by sufficiently gradual change become adjusted to -. 
high temperatures. The most noted experiment of this 
sort is that of Dallinger and Drysdale who by slow 
elevation of temperature extending through 7 years |j 
were able to acclimate three species of small flagellates iVsfb 

to 70°C. Protozoa can live at 0 to — 4°C. if freezing Pr* % * °sli 
does not occur, but actual enclosure in ice is generally 
although not invariably fatal. Protozoa acclimate to 
gradual changes in salt content and a few fresh-water A 

species have been transferred by degrees to salt water, 
losing their contractile vacuole in the process. 

Relationships with other organisms are the same 
as in Metazoa. Symbiosis, better called mutualism, ri< t' 20 * 7 he 

. . green Paramtc\um, 

the close association of different organisms with mutual p. bursaria, with 
benefit, is illustrated in Protozoa by the green algal end op lasm mied 

. ^ ° with symbiotic 

cells or zoochlorellae (Fig. 20), and the brown or yellow roochloreilae.from 
cells, zooxanthellae , believed to be flagellates, both of ’ 

which live and multiply in the entoplasm of Protozoa, uoies; 3 , tricho- 
Zoochlorellae should not be confused with the green chlo- c P ts; 4 * zooclllor - 

° pll op 

roplasts of flagellates, for they can exist independently as 

algae. The host can be freed from them and reinfected with them and 

can live without them like any other protozoan. The zoochlorellae 
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endoplasm filled 
with sj'mbiot ic 
zoochlorellae, from 
life. 1, peristome; 
2, contractile vac- 
uoles; 3, tricho- 
cysts; 4. zoochlor- 
ellae. 


utilize the carbon dioxide and the nitrogenous and phosphorous wastes 
given off by their hosts and in return furnish oxygen and synthesized food 
and may even be digested by the host in times of hunger. The zooxan- 
thellae are mostly flagellates of the orders Chrysomonadina and Dino- 
flagellata; their physiological relations to the host are probably the same 
as those of the zoochlorellae. Protozoa themselves may live svm- 
biotically with metazoans, as in the case of the flagellate inhabitants of 
the intestine of termites, which digest cellulose for their hosts. 

The term commensalism is applied to animal companionships or 
associations where neither form appears to receive evident benefit 
or injury, except that food may be shared, and either edo- or ertfocom- 
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mensalism may occur. Many examples of ectocommensals or epizooic 
species, i.e., species habitually living upon the surface of other animals 
which they appear to use simply as a substratum, occur in Protozoa, such 
as vorticellids on tadpoles, and Trichodina and Kerona on Hydra. 
Among entoeommensals or entozoic forms may be listed the apparently 
harmless protozoan inhabitants of the intestine of many animals. Natur- 
ally there is no sharp line between entoeommensals and entoparasites. 

Parasitism is the association of different organisms, of which one, the 
parasite, receives evident benefit, while the other, the host, is unbenefited 
or injured by the association. Parasites inhabiting the external surfaces 
of their hosts are called ectoparasites, those dwelling in the interior, 
entoparasites. Entoparasites may live in any of the body spaces or 
between cells in tissues and organs as intercellular parasites or in the 
interior of cells as intracellular parasites. ' The entoparasitic life usually 
entails certain changes: saprozoic nutrition with loss of mouth and food- 
catching apparatus, augmentation of motor organelles in parasites that 
swim about in body fluids, loss of these in those which lie quiescent in 
tissues and organs, anoxybiotic respiration in many cases, development 
of organs of attachment, resistance to digestive fluids, and occurrence of 
complicated life histories, often involving cyst formation. Parasitic 
species occur in all the classes of Protozoa and one class, the Sporozoa, 
consists exclusively of entoparasites. Members of practically all animal 
groups may serve as hosts as may also various plants. The Protozoa 
themselves are parasitized by other Protozoa, bacteria, and fungi, and 
rpnrnrhictive nh&ses of these Darasites have often been mistaken as 


those of the host. 

Bioluminescence or phosphorescence, the emission of flashes of light 
by organisms without the production of heat, is notably illustrated among 
protozoans by the Radiolaria and the Dinoflagellata, which latter are 
in fact responsible for many of the smaller sparks seen along ocean 
shores. The light emanates from certain granules but the process has 
not been analyzed in Protozoa where, unlike conditions in Metazoa, 

oxygen does not seem to be necessary. 

Since Protozoa when food is adequate regularly reproduce by asexual 

methods in which the body is subdivided, any one individual does not 
live as such verv long, usually a fraction of a day to a few days. When 
fi^ion is inhibited as by lack of food, an individual protozoan may live 
up to 2 or 3 weeks probably. Forms that reproduce by speculation and 
in which therefore the adult must grow from a small agamete or zygote 
have a longer existence, up to several weeks. 


IV. CLASS FLAGELLATA OR MASTIGOPHORA 

1 Definition.— The Flagellata are Protozoa that are flagellate, 
oermancntly or temporarily, in the adult state or which, by the production 
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of flagellate young, indicate a derivation from typical flagellates. The 
flagellates are extremely difficult to separate from rhizopods, algae, and 


sporozoans. 

2. General Characters. — The form is usually definite and simple, oval, 
spherical, or elongated, with differentiated anterior end. Symmetry is 
generally radial, but bilateral and irregular types occur. 

Form is main t ain ed in many species by a firm pellicle often ridged 
spirally or longitudinally (Figs. 7.4 and 2 AG). Many are provided in 
addition with shells, cases, and armors, which may adhere closely as the 
cellulose plates of the dinoflagella tes (Fig. 26F) or may consist of loose 
encasements (Fig. 10B) of jelly, tectin, cellulose, or silica. Where the 
pellicle is thin or absent, amoeboid changes of shape obtain, and some 
species become wholly amoeboid at times, even losing the flagellum. 
[Certain chrysomonads have stiff pseudopods like those of Heliozoa. 
Some forms frequently indulge in worm-like contractions and expansions 
called “ metabolic ” or euglenoid movements (Fig. 2F4). 

The cytosome usually lacks obvious distinction into ectoplasm and 
entoplasm. The pointed or rounded anterior end may bear a furrow, 
depression, or gullet-like cavity, but these generally serve for the inser- 
tion of the flagella rather than for food intake. Conspicuous organelles 
are the chromoplasts (Fig. 27) of various shapes, such as disk, band, bowl, 
and cup forms. They may consist entirely of chlorophyll, as in the 
Euglenoidina and Phytomonadina, lending to the animals a pure green 
color; but very often the chlorophyll is masked by red, brown, or yellow 
pigments of the carotin and xanthophyll groups of plant pigments. The 
chromoplasts are usually accompanied by pyrenoids Fig. 2 1C). In 
many flagellates a red eyespot or stigma occurs near the anterior end 
(Fig. 27). It consists of a cup of carotin pigment called hematoehrome 
and is believed to shade a light-sensitive substance located in the cup 
and overlain in some forms by a lens-like thickening. The whole con- 
stitutes a sensory organelle for light perception. Hematoehrome can also 
occur in some species (Haematococcus plumalis , Fig. 9) free in the cyto- 
some, not contained in chromoplasts. to such extent that the animals may 
impart a red color to their habitat and cause the phenomena of red snow, 
red rain, etc. Hematoehrome is said to develop only when the medium 
is poor in nitrogen and phosphorus and to disappear when these sub- 
stances are supplied. Other organelles are the pharyngeal rods or 
trichites found in Peranema (Tig. 27P), Entosiphon (Fig. 27 G) and other 
colorless euglenoids, the axostyles, parastyles, cytostomal fibers, and 
other rods and filaments of uncertain function (Figs. 21 B. 33 and 34't 
and the various fibrils and granules more directly related to the flagella' 
Contractile vacuoles, widespread in fresh-water forms, consist of a simple 

<*b«. present) and reformed 
after each discharge from the fusion of small vacuoles (Fig. 26 L ) . Tricho- 
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Fu;. 21 — Flagellate structure and movements. A. //etcrcmcmu a cclorleas eugle , 
full euglcnotd contract, on. from life. B. Trichomona* buccalxs {after WtasW.1926), 
-,iymM»,Kotc flagellate with aiostyle. undulating membrane, and eentriole on < the nuclear 
membrane C. One icoid of a Eudorina colony, showing flageUar attachments tmd inl^ 
" ur . ar eentriole. (After Hartmann, 1921.) D. A protomonad /rotersms^ (- - P™** 
rXf/a Mcc'mc, from the rectum of a l.sard, with parabasal body^ 

E ^o.showmg — JESS. ££ K^very sU. 


r CuttVr,,, cV, a,- « flhowinir rone traced Dy me nageuum. • , 

mott/: showing "action of the flagellum (after Krijosman, 1925) : F. 

♦ i 7 /; backward laah, successive positions in 8-13. l t locomoto y 

cess, ve stages m \-._U bacWw« dlasD c P me; 5 , undulating membrane; 6. 


suc- 
flagella; 

cenVn^rru^us. STO 

_ 1- » u^/ 4 .. 1 a ruorirKisnrii&Btic rinR (nature unknown). 
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cysts, of the same types as those of ciliates, occur in a number of flagellates 
(Figs'. 24 F and 25G). The nucleus is generally single and vesicular with 
a central endosome (Fig. 21C) but may be massive as in dinoflagellates 
(Fig. 24 K). Assimilation products consist of starch, paramylum. glyco- 
gen, leucosin, and other forms of carbohydrates, and oil and fat drops. 

The chlorophyll-bearing flagellates are exclusively or chiefly holo- 
phytic, and some species can flourish in the light on inorganic salts; 
but most require or are benefited by the addition of sugars and split 
products of proteins (page 58) and can become wholly saprozoic. The 
colorless flagellates are either saprozoic or holozoic. Holozoic nutrition 
is seen mostly among the colorless euglenoids, the free-living proto- 
monads, and the dinoflagellates. In amoeboid phases, flagellates ingest 
prey after the manner of rhizopods. In other holozoic flagellates, food is 
generally engulfed at the anterior end, directly by a region near the 
flagellar base (Fig. 125), or by way of a differentiated mouth, depression, 
or cytopharynx as in the colorless euglenoids (Fig. 27 G, 0, P ). Some of 
the latter are provided with hard rods, the pharyngeal rods or trichites, 
which lie alongside the cytopharynx and assist in food intake (Fig. 
27 G, P ). Currents created by flagellar undulations may waft small food 
objects toward the cytosome; or the flagellum may entangle the prey and 
draw it to the animal. The flagellar tip is apparently often used as a 
sense organ for the detection of food and the mouth rim is also chemically 
sensitive. Practically nothing is known of the details of digestion. 

The flagellates inhabit water everywhere and are among the most 
typical and abundant plankton forms of salt and fresh waters. The 
free-living forms embrace solitary, sessile, and colonial types. Sessile 
forms may be fastened directly by a stalk or live free or attached inside 
vase-like or tubular cases that may be secreted upon one another to 
produce branching colonies with a flagellate occupying the open end of 
each branch (Figs. 105 and 301). Other colonial types are free-swim- 
ming plates or spheres of a few to many thousand individuals, held 
together by gelatinous or cellulose secretions (Fig. 29). The class also 

includes many parasites, some, the trypanosomes, of great importance 
to man. 

In their possession of chlorophyll, their holophvtie mode of nutrition, 
and their synthesis of carbohydrates with the aid of light, the flagellates 
betray a close relationship to algae and are generally considered as such 
m botanical treatises. It is probably impractical to erect anv definition 
for separating the strictly holophytic flagellates from algae; but neither 
is it possible to isolate them from the animal types of flagellates. 

3- The Flagella and Flagellar Movement-The flagellum' is a long 
dehcate filament used for swimming, creating water currents, and as a 
sensory organelle for exploring the surroundings. The number usually 
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vanes from one to four, but numerous flagella occur in some parasitic 
groups. Where two or more occur, they may be equal in length and 
similar in function, but often one is the main flagellum while the others 
are smaller accessory flagella; or one may be directed backward as a 
trading flagellum that apparently serves to anchor and steer the animal 
(Fig. 21.4, 5, D). In some parasites one of the flagella forms the border 
of a thin wavy protoplasmic extension called the undulating membrane 
(Fig. 215). Flagella commonly spring from the anterior tip, directly 
(Fig. 21C), or from a groove, pit, or the cytopharynx, often by two roots, 
as in many euglenoids (Fig. 22A ) ; in dinoflagellates the flagella originate 
from the lateral surface (Fig. 24 G) and in trypanosomes (Fig. 31 E) from 
the posterior end (regarded by some, however, as the anterior end). The 
flagellum is cylindrical or flat and band-like, and consists of a stiff elastic 
straight or spiral axial fibril, the axoneme, itself possibly a bundle of 
fibers, and an enclosing protoplasmic sheath, continuous with the cyto- 
some and enwrapping the axoneme in a spiral manner, often leaving the 
axoneme tip free. 

Flagellar attachments are often complex, and the subject is still 
further obscured by the lack of a uniform terminology. A flagellum 
always originates from a kinetic element (page 57) whose substance is in 
fact continuous with the axoneme and which may be intranuclear or 
cytosomal. In the simplest case, exemplified in only a few flagellates, the 
flagellum springs from the nucleus, either directly (when the nucleus is at 
the surface) or by way of a rhizoplast. But generally each flagellum is 
attached to a granule (or two when its root forks), termed the basal body 
or blepharoplast { Fig. 215, C, D). The blepharoplast is generally situated 
at the surface point from which the flagellum springs but may occur on 
the nuclear membrane or in the cytosome (Fig. 24F), in which cases the 
axoneme continues as a rhizoplast. W hen the blepharoplast functions 
as a centriole in division, it is often called centroblepharoplast. In other 
cases there is a separate centriole often fused to the nuclear membrane 
(Figs. 9 and 215) and this is connected to the basal bodies of the flagella 
by rhizoplasts. One to many parabasal bodies occur in the orders Proto- 
monadina, Polvmastigina, and Hypermastigina as rounded, oval, ring- 
shaped, rod-like, or elongated bodies attached directly or by a thread to the 
blepharoplasts ( Figs. 215 and 11). In some cases they react chemically 
like mitochondria, in others they give the Feulgen test (page 54) for 
nurh ar material, and often they take part in division. It has recently 
been maintained that they constitute the Golgi apparatus of these flagel- 
la,,. In the Polvmastigina, a rhizoplast, or bundle of rhizoplasts, 

wh. ro the flagella are numerous, continues the length of the animal 

which is said to stain like flagella and possibly to 

steering device (Figs. 21 5 and 335, C, G). In parasitic 


in cas*- 

as a ro<i. tho ax 
serve as a 
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flagellates, still other elongated elements may be present attached to the 
blepharoplasts, such as parastyles , cytostomal fibers encircling the cyto- 
stome, and chromatic basal rods that extend along the attachment of the 
undulating membrane (Fig. 33.4, D). It is impossible at present to 
evaluate and homologize these various structures associated with flagella. 

The mec hanism of flagellar movement is not understood. The 
mechanism resides in the flagellum itself, since this continues active when 
isolated if the basal body is retained. Without the latter, activity ceases 
almost instantly. Of various explanations of the movement that which 
assumes contractility in the flagellar sheath seems most tenable. As to 
the way in which the flagellum accomplishes locomotion, there are three 
main ideas. Butsehli’s screw theory postulates a spiral turning like a 
screw exerting a propeller action, pulling the animal forward. Metzner, 
studying currents set up by rotating wires fastened at one end, concluded 
that a simple flagellar beat in a circle tracing a cone develops sufficient 
current to pull the animal forward. These theories are rendered doubtful 
by the direct observations of Ulehla and Krijsman (Fig. 21 E-G) on swim- 
ming flagellates in dark-field ill umin ation in which the area traced by the 
flagellum appears as a light space. These observers state that the 
ordinary movement of a flagellum Is a sidewise lash, consisting of an 
effective downstroke with the flagellum held out, and a relaxed recovery 
stroke in which the flagellum, strongly curved, is brought forward again. 
As a result the animal moves forward and is also caused to rotate on its 
longitudinal axis. Other movements observed were wave-like undula- 
tions pulling the animal forward when proceeding from tip to base, caus- 
ing backward movement when progressing from base to tip. When such 
undulations are spiral they cause rotation in the opposite direction. 

4. Behavior. — Free solitary forms swim in a spiral path rotating on 
the longitudinal axis and keeping always the same surface facing the 
axis of the spiral. Colonies such as Volvox rotate on the antero-posterior 
axis because of the coordinated oblique beat of all the flagella but are 
said to move in a straight line without spiraling. Some species move 
directly forward without rotating by undulating only the flagellar tip in 

one plane. Many at times absorb or cast off the flagella and then become 
amoeboid or move by body contortions. 

General reactions have been tested chiefly in Euglena and Chilomonas 
These react to mechanical shock, temperature change, and chemicals 
and the former reacts to light. The reaction is of the general phobotactic 
type (pap 67). The animal stops or slows down, traces a wider spiral 
by swmpng the anterior end farther out, and starts off in a new direction 
or else simply turns at an angle to its former course. The chlorophvll- 
beanng flagellates react definitely to both intensity and direction of light 
and this reaction has been studied extensively, especially in the Phvto- 
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monadina. By causing a shadow to travel over Euglena it has been 
proved that light is perceived only at the anterior end, presumably by 
the light organelle. Any change in the direction of light causes the 
light-sensitive substance to be shaded by the stigma at each rotation, and 
this stimulus acts to increase the flagellar beat on the side away from the 

* * . .. reaction seems to be a 

direct orientation of the topotactic sort. These forms are positive to 

moderate light intensity and negative to strong light or darkness; but 

temperature, previous light conditions, etc., modify the reaction. The 

colorless flagellates are indifferent to light. 

The flagellates readily encyst under even very slight changes of condi- 
tions. Besides forming the ordinary protective cysts, the holophytic 
flagellates often assume the palmella state (Figs. 235 and 285) losing 
their flagella and rounding up into an alga-like cell, in which metabolism 
continues and reproduction occurs by fission so that extensive green 
scums on ponds may result, composed entirely of flagellates in the 
palmella state. 

5. Reproduction. — The flagellates reproduce almost exclusively by 
longitudinal fission (Fig. 17.4). Fission is transverse in the dinoflagel- 
lates (Fig. 26 B-D). Fission begins usually by the division of a kinetic 
element, which may be the basal body of the flagellum, or the eentriole 
when a separate eentriole is present (Fig. 16 H), or a body that issues from 
the nucleus (Fig. 225). The kinetic element divides in two and the two 
halves are often connected by a strand, the desmose (Fig. 225), or in some 
cases by a spindle (Fig. 165). New flagella grow out from the divided 
kinetic elements (Fig. 225) or one daughter cell may retain the old 


flagellum and the other form a new one. Usually the spindle forms 
entirely inside the nucleus (Fig. 165) and generally lacks centrioles of its 
own but frequently comes into relation with the kinetic elements in the 
evtosome which act as centrioles, and often the desmose, which seems 
to be a sort of spindle, takes the place of a regular spindle, or becomes 


incorporated into or closely associated with the intranuclear spindle 
(Fig. 225). The role of the endosome varies. In some cases spindle, 
centrioles, and chromosomes develop entirely from the endosome; in 
others the endosome is composed entirely of plastin, furnishes nothing in 
mitosis, and disappears (Fig. 165). In the Euglenoidina (Fig. 22 A-D) 
the centrioles arise from a chromatoid body issuing from the nucleus, 
they become basal bodies and grow out the new flagella, the spindle is 
represented onlv by a desmose between the centrioles, and, inside the 
nucleus the endosome draws out acting as a kinetic element, while 
the chromosomes arise from the rest of the nucleus. In flagellates the 
chromosomes are usually definite in number and form and behave in 
typical fashion. After the nuclear division, the cytopharynx divides and 





■vrr:- > 




;r- «■ ■ ' 




THE ACELLULAR ANIMALS— PHYLUM PROTOZOA 8 

the *™™*» then divides from the anterior tip posteriorly. Often sue 
structures as axostyles, parabasals, and flagella disappear, and new one 
form from the kinetic elements. Fission may occur at some definite hoc 
of the day, and some flagellates divide only in the encysted state, rounc 
ing up and losing the flagella beforehand. 
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- J*®' phenomena in flagellates (see also Fig. 16£T). A-D. Mitosis ii 

W* 4 * Ratcliff e* 1927): A. Intranuclear body moves to periphery o 

ESjTf - ,*y; dea r m ^ wo * B - Nucleus moves near cytopharynx and each intranuclea 
ijp^^mn diodes forming a new blepharoplast from which a new flagellum grows out 

°° e : endosome elongates, acting as a spindle. Z>. Nucleui 
dividing. E. Trichomonas bairachorum in division {after Dobell , 1909) 
nrtranuctear desmose around which the spindle has formed. 1 cytopWmt 
2, fakpharoplasts; 3, intranuclear bodies; 4, endosome; 5, desmose; 6, axoetytef^ 

fission or speculation is seen chiefly in the trypanosomes am 
innofl agellata. Sexual processes are very rare in flagellates except in th* 

described later On. or two cares of hologamy o, 
. .°f **? ordinary mdividuals to an encysted zygote (Fig 170- J' 

bUt ‘TV"* ° f ^ ***“ -^noL. g Lackej 

iS C ^ m m °° COlorIeSS euglenoids, Entosiphon sulcatum, and 
remnema tnchaphara, for many generations— 947 in the former specie* 
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and observed no loss of vitality, no variation in fission rate, and no 

indications of any sexual process or process of periodic nuclear 
reorganization.) 

6. Order Chrysomonadina.— These are typically small, oval forms, 

solitan or colonial, with one or two flagella, yellow or brown chromo- 
plasts, often red stigmata, simple contractile vacuoles, and a single 
vesicular nucleus (Figs. 23 and 24 A-B). The whole order exhibits strong 
amoeboid tendencies t(Fig. 23C, «/) and shows affinities in many direc- 
tions. Thus they may pass into the palmella stage and resemble algae 
(Fig. 23B) ; or lose the chromoplasts and appear as protomonads; or by 
loss of both flagella and chromoplasts become indistinguishable from 
typical rhizopods. In one group, axopods encircle the flagellum, sug- 
gesting a relation to the Heliozoa (Fig. 23 G). A number are provided 
with gelatinous coverings or enclosed in vase-shaped or tubular cases or 
protected by skeletons of silica or lime often beset with projecting spines. 
Nutrition is holophytic in the colored forms, with the formation of 
leucosin (Fig. 23 D-F), never starch, and is holozoic in amoeboid phases. 
Reproduction occurs wholly by fission in the free or palmella state. 

The most characteristic feature of the order is the secretion of a 


unique endogenous siliceous cyst (Fig. 23L). The flagellate rounds up, 
loses its flagella, surrounds itself with a thick gelatinous layer, and 
secretes a siliceous cyst wall inside the eytosome. This cyst has a funnel- 
shaped opening into which the cytoplasm outside the cyst wall eventu- 
ally withdraws, forming a plug for the opening. The cyst may be 
ornamented with spines. 

Chromulina (Fig. 23 D) and Ochromonas (Fig. 23 E) are common 


examples of the simple oval types with one or two large brown chromo- 
plasts; Mallomonas (Fig. 23F) is spiny. Synura uveUa (Fig. 23.4), in 
fresh water, forms free-swimming spheres of chrysomonads attached at 
their inner ends, each with two flagella, two brown curved chromoplasts, 
a red stigma, and a spiny cuticle. In Dinobryon, (Fig. 10B) also of 
fresh water, the tiny animals may occupy vase-like cellulose cases fastened 


into a branching colony. The family SilicoflageUidae, marine, are 
provided with a siliceous skeleton in the form of rings or latticework, 
often spiny (Tig. 23 AT). In the family Coceolithophoridae (Fig. 23iV) 
variouriv shaped pieces of calcium carbonate are embedded m an invest- 
ing membrane inclosing the flagellate. These pieces, called coccoliths 
were known in the ocean sediments long before their origin from flagel- 
lates was discovered. The chrysomonads lead directly to a group of 
filamentous brown algae (Chrysophyceae), such as Phaeothammon 
(Fie °4 n the cells of which contain two brown chromoplasts, can give 

rise to endogenous siliceous cysts like those of chrysomonads, and at 

i e — flagellate swarmers (Fig. 24B)that closely 
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™ E 1 s vfrte BRATES: protozoa through ctesophora 

resemble Chrcmulinj or Ckhromoruu and settle down to found 

colonies. 

7. Order Cryptomonadina. — These are small oval flagellates generally 

or constant form owing to the presence of a cuticle. They hare a gullet- 
like depression from which two flagella spring and which bears in its 
walls ’little rods resembling trichoeysts Fig. 24 F). They may be holo- 
phytic. provided with variously colored chromoplasts ; or holoxoic. 
ingesting small organisms by way of the gullet : or saprozoic and colorless! 
Food reserves consist of starches, fats, and oils. Assumption of the 
palmella stage and formation of cellulose frequently occur. The most 
common and best known cryptomonad is Chilomonas (Fig. 24 F), a 
colorless saprozoic- form, found in foul waters in enormous numbers, 
whose synthetic powers have been much studied (page 59). This 

can synthesize starches, fats, proteins, and protoplasm from 
inorganic compounds if silicon is present as a catalyzer (Mast et aL). 
It can use nitrogen from amino acids, urea, or ammonium salts but not 
from nitrates, nitrites, or the air. and can utilize as a carbon source 
amino acids, urea, carbon dioxide, and salts of organic adds, but not 
carbonates. The usual reserve product is starch, but. in the absence of 
sulphur in the medium, fat accumulates and death ensues. Cryptomonas 
is similar to Chifomonas but is provided with chloroplasts ; members of 
this genus live as zooxanthellae in Foraminifera. Radiolaria, rhixopods, 
and many metazoans, escaping at times as free-swimming cryptomonads 

(Fig. 24C-F' . 

8 . Order Dino flagella ta. — This order centers about a well-defined 
group characterized by two flagella, one trailing in the body axis, the 
other transverse to the axis, both typically occupying grooves (Fig. 
24 H. G The body is of fixed but often irregular form and is either 
naked or enclosed in a simple membrane (Fig. 24 G) or encased in a 
cellulose cuirass of two shells or of many plates (Fig. 25.Y). A stigma 
and numerous small yellow, brown, or infrequently greenish chromoplasts 
(Fig. 24isv are usually present. Characteristic of the order is the non- 
contra *ile pu-rAe system Fig. 24/' consisting of large sacs connected 
by canals to the exterior, possibly corresponding to the vacuolar appara- 
tus of other Protozoa but apparently serving for the intake rather than 

the exit of fluid. The nucleus is single, i 
Nutrition is generally holophyric or mixotrophic, but ingestion of small 
organisms in an amoeboid manner at the ventral flagellar furrow has been 
renea'edly observed. Some through loss of chromoplasts have become 
entirely hoiozoie and partly or completely amoeboid in form and behavior. 

the greater part of their existence as round floating bodies 

erck-d in a Ofiiuicw membrane and simulating algae (Fig. 25.4) 
large number are eero- or entoparasites existing chiefly in a nonflageUaie 


lassive. and complex (Fig. 24K). 
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cyst-like condition (Fig. 2 oJ-L). Finally, many of the zooxanthellae, 
specially those of the Radiolaria, are believed to be dinoflagellates 
(Fig. 24 C-E). All these aberrant forms indicate their relationship to 
the typical dinoflagellates by their production of young with characteris- 
tic dinoflagellate features i^Fig. 25E, AT). 

Doflein recognizes three subdivisions of the order. To the Adinida 
belong a few forms, chiefly marine, with simple oval bodies, naked or 
enclosed in a cellulose membrane or a cellulose shell of two valves. Two 
flagella spring from the anterior end, one held forward, the other 

transversely. 

The suborder Dinifera includes all the typical dinoflagellates. In 
these there is a ventral longitudinal groove, the sulcus , from which the 
longitudinal flagellum springs, trailing downwards; and a transverse or 
spiral groove, the girdle or annulus , which may make several spiral turns 
around the body (Fig. 24 H) and in which the transverse flagellum , 
springing at the junction of sulcus and girdle, plays in wave-like undula- 
tions. In armored forms, the grooves are accentuated by thin projections 
of the armor. The longitudinal flagellum is said to cause forward progres- 
sion, the transverse to impart rotation. The animals swim in an upright 
or oblique position in a bouncing jerky fashion, rotating on the long axis. 
Reproduction occurs by longitudinal fission in the free state or in a cvst 


or by multiple fission in a cyst. The cysts usually hatch into swarmers 
resembling Glenodinium or Gymnodinium (Fig. 24G, L). 

The typical dinoflagellates may be roughly divided into unarmored 
and armored groups. The former, placed chiefly in the family Gym- 
nodiniidae, are naked or encased in a single cellulose membrane. They 
are yellow, brown, or of a variety of delicate colors and are very' abundant 
in the ocean below the surface. A few species occur in great numbers 
in fresh water, such as species of Glenodinium (Fig. 24 L) and Gymnodinium 
(Fig. 24 G), oval forms with typical sulcus, girdle, and flagella. Polykrikos 
(Fig. 2 5F) is a curious form consisting of a chain of two, four, or eight 
individuals produced by incomplete fission. This genus also bears 
trichocysts, as do likewise some other genera (Fig. 25 G). Pouchetia 
(Fig. 25H) has a remarkably developed light-perceiving organ with a 
large lens-like body. Some of the unarmored forms have degenerated 
into sphencal floating algal-like cells that form crescent-shaped cvsts 
rom which a number of swimming Gymnodinium- or Glenodinium-\ike 

young emerge (Fig. 25 4-F). Most remarkable are the parasitic Gym- 

nodinndae studied chiefly by Chatton. They live on the surface or in the 
intestine of lanous marine pelagic animals, particularly copepod* as 
round or pynform sacs (Fig. 25 J) often stalked and attached to the host 

K eXtens ? 0DS 0r 88 oval lying in the interior Thev 

reproduce by sporulation into a few to several hundred Girnmed.W,,™ _i;t' 
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swarmers (Fig. 2 5K-M). In some genera one cell remain.- behind and 
continues to give off cells that sporulate young (Fig. 251). 

The armored or thecate dinoflagellates are divisible into two families, 
the Dinophysidae and the Peridiniidae. The former, marine, have an 
armor composed of two main lateral valves sutured along the median 
sagittal plane (Fig. 250). The girdle, displaced very near the apical 
pole, has wide projecting lists, and other regions of the armor also may 
bear wing-like extensions, so that these forms present a very bizarre 
appearance. The Peridiniidae (Figs. 25.V, 26 E, and 10.4) are typical 
and abundant plankton forms of oceans and inland waters. They are 
encased in a cuirass composed of a number of cellulose plates, often porous 
and variously ornamented, which differ in pattern in different genera 
but follow the general plan of a circlet of precingular plates above the 
girdle, postcingular plates below the girdle, and apical and anlapical 
plates at the two poles, respectively. Growth is permitted by the inter- 
polation of cement at the sutures. Reproduction occurs usually by 
binary fission (Fig. 2 6B-D), in which the armor separates along certain 
definite sutures in a transverse plane and each daughter animal retains 
part of the old armor and secretes the remainder. In some forms, the 
animal casts off the armor, becomes a naked swimmer like Gymnodinium, 
and divides only in this state. The fresh-water species encyst at certain 
seasons of the year, secreting a cellulose cyst inside the armor. These 
cysts remain viable for years and upon hatching pass through Gym- 
nodinium and Glenodinium stages. Ceratium is said to bud off small 
individuals at the sulcus. Sexual processes have been suspected, but 
good evidence is lacking. The typical genera with many species and 
varieties are Peridinium (Figs. 10.4 and 26 E) and Ceratium (Figs. 2iK, 
251V, and 264), the former rounded or polygonal, or with one short horn 
above, two below; the latter known by the three long horns, one apical, 
two basal, straight or recurved. In Ceratium, at fission, the apical horn 
of one product may remain locked in the girdle of the other and in this 

way long chains (Fig. 26.4) may be formed of which the two original 
fission products constitute the ends. 

The CystoflageUata, formerly regarded as a separate order of flagel- 
lates, include only three species, of which the most important and com- 
mon is Nodiluca miliaris (or scintillas) (Fig. 26 F). This is a large 
ge trnous sphere, often 1 mm. or more in diameter, floating on the sea 
usually near shores, often in vast numbers. There is a ventral de P "s-’ 
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sion, representing the sulcus, which bears a rudimentary longitudinal 
flagellum and leads to the mouth near which springs a thick motile 
tentacle, apparently not a flagellum. From a central clump of proto- 
plasm containing the nucleus delicate strands run through the watery- 
interior to the periphery. Nutrition is holozoic. The animal is noted 
for its phosphorescence and is responsible for much of the phosphorescence 
of ocean shore waters. Reproduction occurs, after disappearance of all 
structure, by binary fission and by gamete formation. In the latter 
process the protoplasm collects into a multinucleate surface disk, and 
t his elevates into numerous little uninucleate buds, each of which con- 
stricts off as a gymnodinid isogamete with one long trailing flagellum 
(Fig. 26<7, H ). These fuse in pairs, but the fate of the resulting zygote 
has not been followed. 


The other cystoflagellates are the rare Leptodiscus medusoidcs and 
CraspedoteUa pileolus (Fig. 26 J), umbrella-shaped masses resembling 
little medusae and swimming like medusae by contractions of marginal 
myonemes. Each has one rudimentary flagellum. 

9. Order Euglenoidina. — These flagellates are of moderate size and 


definite form with a pellicle often striated or ridged (Fig. 27 B, D, //). 
Some in which the pellicle is soft and yielding habitually display euglcnoid 
movements, but in others the pellicle is so rigid that alteration of shape 
is impossible. The anterior end bears a red stigma in green forms and 
is provided with a pit or cytopharynx from which one or two flagella 
emerge and which serves for food intake in holozoic types. Each flagel- 
lum is fastened to the wall of the cytopharynx, often by two roots (Fig. 
26 K), and a special granule may occur at the fork of the roots. The 


vacuole system situated near the stigma is erroneously described in 
textbooks as “complex.” The large contractile vacuole discharges into 
the expanded gullet base, often unnecessarily termed reservoir, and has 
no continuity with the succeeding vacuole. Just before the vacuole 
collapses there appear near it or around it a few to many small vacuoles 
(Fig. 26L) which do not, as usually stated, discharge into the vacuole, but 
fuse together to form the next vacuole (Hyman, 1938). The vacuolar 
system therefore does not differ from that of other Protozoa The mem- 
bers of the order are colorless or provided with few to numerous chloro- 
plasts of various shapes (Fig. 27). The green forms are wholly or partly 
holophytic and also utilize or even require dissolved organic nutrients and 
most can become who lly saprozoic. The colorless genera are mostly 
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holozoic, ingesting other Protozoa, algae, diatoms, etc., and some are 
provided with pharyngeal rods (Fig. 27(7, P) or some other form of 
trichite lying alongside the cytopharynx. The principal reserve product 
is paramylum, often stored in definite bodies of unusual shapes, as rods, 
links, etc. (Figs. 2 E, 27 C, D). The nucleus is single and vesicular with a 
central endosome. Encystment is common, and many pass into the 
paJmella stage for long periods. Reproduction occurs by longitudinal 
fission in the free (Fig. 17 A) or palmella state and in typical cases is 
initiated by a centriole (intranuclear body) issuing from the nucleus 
(Fig. 22A-D). This divides to furnish the new basal bodies from which 
new flagella or flagellar roots sprout and which for a time at least remain 
connected with the nuclear membrane by rhizoplasts. No mitotic 
figure appears, but the endosome acts as a division center pulling in two, 
and chromosomes form around the endosome. Sexual processes are 
absent except in Scytomonas where hologamy has been observ ed. 

This order includes the common fresh-water flagellates seen in 

laboratories. Englena, elongated and more or less metabolic (Fig. 27.4, 

C-E), Phacus, flattened and stiff (Fig. 27 M, X), and Lepocinclis (Fig. 

27B, H), bottle-shaped or oval with a rigid striated pellicle, are the best. 

known green forms with red stigmata, common everywhere in standing 

waters. Trachelomonas (Fig. 27 J, K) with numerous species is enclosed 

in a brown rounded or oval, often spiny, shell with an anterior collar 

through which the single flagellum emerges. Among the commoner 

colorless genera are Astasia (Fig. 270) with one flagellum, Peranema 

(Fig. 27P) with a pharyngeal rod, one free flagellum, and one flagellum 

fastened to the pellicle, and Entosiphon (Fig. 270), Heteronema (Fig. 21.4), 

and Anisonema with two flagella, one trailing. Some Euglenas and 

Euglena-like genera, green or colorless with one to several flagella, inhabit 
the rectum of tadpoles. 


The genus Euglena comprises a number of species (about one hun- 
dred) that vary much in size, shape, and structural details. Most are 
of simple fusiform shape, but some are very much elongated and may be 
much flattened (Fig. 21 Q. The pellicle may be smooth or more fre- 
quently is marimd by spiral striations or ridges or spiral rows of tubercles 

mi 2 *° dischar g e mucus. Depending on the rigidity of the 

pellicle, the body may be very flexible and capable of pronounced euglen- 

oid movements or may exhibit little change of shape. The long flattened 

forms often twist their bodies into a spiral (Fig. 27 Q. The majority 

^th?^le1Xel n 8 my aCU0l T COntraction o{ Pha ™>- from life; 
to form the next vacuole. 1, dividing chroma 1?™° f pp k ear and these unite together 
precingular plate.; 9-10. ‘ ,D * l0 ^ “P'-l P^e,; 5-8. 


vacuole. 
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range between 50 and 100 miera in length, but there are several very small 
species between 25 and 50 miera, as E. minima and E. gracilis, and a few- 
very large ones, 200 or more miera long. The largest form is E. uiynns 
(Fig. 27 C), which may attain a length of nearly 500 miera. 

The anterior end contains the flask-shaped cytopharvnx, to one side 
of which is found a mass of red hematochrome granules, the stigma, serv- 

Near the enlarged base i“reser- 


ing to shade a light-sensitive region, 
voir”) of the cytopharynx occurs the contractile vacuole, described above. 
The single flagellum emerging from the narrowed neck of the cytopharynx 
may be very short or as long as or longer than the body and apparently 
is readily shed or absorbed. It is fastened to the wall of the cytopharynx 
base by two roots (Fig. 2QK) each anchored in a blepharoplast ; at the 
point of forking of the roots there is a granule. The eytosome contains 
a few to many green chloroplasts of various shapes, as disks, ovals, stars, 
rods, and bands. In several species, long slender rod-shaped chloroplasts 
are arranged in one or more radiating groups, giving the impression of 
star-shaped chloroplasts. The textbook species, E. viridis, usually 
misidentified and less common in many localities than several other 
species, is recognizable by its plump form and single group of slender 
chloroplasts radiating from a central point (Fig. 27.1). Typically there 
is a pyrenoid in the center of each chloroplast, and this may be enclosed 
in a sheath or two hemispherical shells of paramylum. Paramylum 
also occurs free in the eytosome as bodies of various shapes— disks, 
ovals, rods, and links. Several of the larger species, as E. oxyuns 
(Fig. 27 C), have a conspicuous link-shaped paramylum body in each 
end. The eytosome also contains mitochondria and volutin grains, and 
Golgi material has been reported in the vicinity of the vacuolar apparatus. 
The nucleus occurs near the middle of the body and is spherical with a 
central endosome. The latter acts as spindle during division, while the 
chromosomes come from the zone around the endosome (Fig. 22 A -D). 
The chloroplasts also divide, either during or after fission. Reproduction 
occurs by longitudinal fission in the free or encysted state. Euglma 
very readily encysts, forming both thin- and thick-walled cyst* within 
which fissions may occur. Such a palmella stage is of regular occurrence 

m some species and may coat large areas with a green scum. There is no 
evidence of any sexual process in Euglena. 

In certain species, as E. rubra and E. sanguined, the eytosome con- 
tains num erous hematoch rome granules. These forms are red in t he 
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sunlight, which induces dispersion of the granules, and green in the dark, 
or in shady spots, or on cloudy days because of the retreat of the granu es 

to the interior. Color changes require but a few minutes. 

The Euglenas take no solid food but subsist entirely by autotrophic 

plus saprozoic nutrition (see review by Hall, 1939). It is not unequivo- 
cally established that any species of Euglena can grow in the light on an 
inorganic medium; but some species have been so grown with only an 
extremely minute trace of organic material such as peptone. Most 
species appear to require at least amino acids in the medium, and some 
need more complex organic substances such as peptones. In the dark, 
Euglenas must of course have complex organic nutrients; chloroplasts 

and pyrenoids degenerate and disappear. 

10. Order Chloromonadina.— This is a small, little-known group of 
moderate size with metabolic and amoeboid bodies, pale green chloro- 
plasts, two flagella, one trailing, and oil, never carbohydrates, as the 
assimila tion product (Fig. 27 Q). 

11. Order Phytomonadina or Volvocales. — These are small oval or 
elongated flagellates of fixed form, enclosed in a cellulose membrane, 
usually with two rather short equal flagella, red stigma, one large cup- 
shaped chloroplast, two small contractile vacuoles, and simple vesicular 
nucleus (Figs. 9, 2lC and 28.4). The group is chiefly in fresh water, 
single or colonial, with holophvtic, saprozoic, or mixotrophic nutrition. 
Cyst and palmella formation occur. Reproduction is asexual by division 
within the membrane and sexual with all grades of isogamous and ani- 
sogamus gametes. The zygote is generally enclosed in a thick spiny 
shell and undergoes reduction in its first divisions. 

The family Chlamydomonadidae includes the typical single forms, 
oval with two flagella, green, like Chlamydomonas (Fig. 28.4), Chloro- 
gonium (Fig. 18.4), and Haematococcus (Fig. 9), or colorless, like Polytoma 
(Fig. 28G) and Polytomella (Fig. 155). Some species may be colored 
red by hematochrome as Chlamydomonas nivalis, inhabiting melting 
snow, and Haematococcus pluvialis, whose sudden appearance in rain 
pools gives rise to the mjnh of red rain. The colorless forms are sapro- 
zoic and have been much experimented on with artificial media (page 
58). This family reproduces asexually in a nonflagellate palmella-like 
state by two or three divisions into agametes that are simply small 
replicas of the parent (Fig. 285). The smaller isogametes arise by a 
greater number of divisions; they fuse in pairs to form the thick-shelled 
zygote (Fig. 28 E, F), which after a dormant period divides into several 
young like the parent except in size. Anisogametes also occur in some 
species, differing from each other and the parent primarily in size (Fig. 
28C). In one species both iso- and anisogametes are said to be given off. 





105 


THE ACELLULAR ANIMALS — PHYLUM PROTOZOA 

The colonial Phytomonadina, included in the family 1 olvocidae, 
entirely fresh-water, consist of flat, oval, or spherical colonies of 4 to 128 
cells in most genera, several hundred to over twenty thousand m 1 olvox. 
The individuals or zooids resemble Chlamydomonas, having two (lour in 
Spondytemorum ) flagella, a red stigma, two contractile vacuoles, large 
curved chloroplast, and cellulose membrane. The zooids may hold 
together loosely but generally are enclosed in a common gelatinous or 
cellulose membrane or embedded in a jelly; in Volvox they are also 
connected by protoplasmic bonds (Fig. 305). Common genera are 
Gonium (Fig. 28 H) forming flat squares of 4 to 16 cells; Pandorina, a 
sphere of 16 cells closely placed; Eudorina (Fig. 29 E) of 32 cells near the 
surface of a jelly sphere; Platydorina (Fig. 29Z>) of 32 individuals arranged 
in a flat oval of jelly with scalloped posterior border; Pleodorina (Fig. 
295) with as many as 128 zooids on the surface of the jelly sphere; and 
Volvox (Fig. 30A) of hundreds or thousands of minute flagellates on the 
surface of a jelly ball often over 2 mm. in diameter. All the colonies are 
polarized since they swim always with one region, hence called the 
anterior pole, forward. Furthermore, in Pleodorina and Volvox , the 
zooids of the anterior pole are incapable of reproduction, may be smaller 
than the others ( Pleodorina , Fig. 295), and have larger light organelles, 
these grading in size to the posterior pole. Nutrition is holophytic. 
The group is noted for its reaction to light (page 69). In all the genera 
except Pleodorina and Volvox, every zooid is capable of both asexual and 
sexual reproduction; but in Volvox and still more markedly in Pleodorina 
the zooids at the anterior pole are sterile and may also differ morpho- 
logically from the others. Asexual reproduction takes place by the 
repeated division of the zooid into a miniature colony (Fig. 30A) that 
escapes by rupture of the parent. Sexual reproduction is universal. In 
the simpler forms like Gonium, the zooids themselves may become free 
and serve as isogamous gametes; or gametes may arise by fissions. 
Various degrees of anisogamy exist, reaching the extreme in Eudorina, 
Pleodorina, and Volvox w'here some zooids enlarge slightly or greatly to 
macrogametes or eggs (Fig. 30C) and others by repeated fissions produce 
plates or spheres of small biflagellate microgametes or sperm (Fig. 29C). 
In some species the sexes are separate, each colony producing only one 
kind of gamete. The zygote (Figs. 28 D, F and 305) develops a thick 
spmy shell, often red or orange, and after a dormant period hatches 

either as a small colony or as a biflagellate cell that later divides into a 
colony. 

The Phytomonadina are of great interest in many respects of which 
not the least is their approach to multicellular organization All grades 
of organization are presented from the loose association of like zooids as 
m Spondylomorum to colonies like Pleodorina and Volvox with their 
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anterior sterile somatic cells and posterior reproductive cells The ^differ- 
entiation of anterior and posterior poles, the coordination ot the flagella 
of all the zooids in swimming, and the cellular differentiation ju? m< n- 
tioned all bespeak an organization higher than that of a colony am- 

approaching that of a multicellular individual. . 

12. Order Protomonadina. — We here begin the consideration oi 

flag ellates of distinctly animal nature. This order comprises small 
colorless flagellates, mostly naked, often amoeboid or euglenoid, with 
usually one or two flagella, one often trailing, solitary', colonial, or para- 
sitic. The free-living forms are mostly holozoie, usually taking in food 
directly by pseudopod formation (Fig. 12 B) but in some cases by a simple 
mouth. The numerous parasitic species are saprozoic. Reproduction 
occurs by longitu dinal fission and in addition by multiple fission in 
some parasitic species. Sexual reproduction is usuady absent, but holog- 

amy has been seen in some monads. 

This order includes the flagellates often known as monads (Figs. 125 
and 30 E-K), by which one understands small, colorless, naked oval 
amoeboid forms with one to three flagella, one often trailing. They' 
occur in foul waters and feces and may be unimportant intestinal inhab- 
itants of man and other animals. Among the familiar genera are 
Oicomonas , Rhizomastix, and Monas (Figs. 125, and 30 E-G). Colonial 
forms include Anthophysis (Fig. 31.4), forming spherical colorless colonies 
on the tips of slimy brown stalks from which they may break away as 
sw immin g, rotating spheres; Dendromonas, with single zooids terminating 
branching stalks; and Rhipidodendron (Fig. 30L) with zooids in the ends 
of gelatinous tubes. 

The family Craspedomonadidae consists of the interesting choano- 
flageUaies, so called from the thin transparent collar that encircles the 
base of the single flagellum (Fig. 315, D). They are sessile, single 
(Fig. 315), or colonial (Fig. 315), usually enclosed in a soft investment or 
firm vase-like case fastened directly or by* a stiff stalk. The structure 


of the collar is disputed. The collar is a food-catching device. Minute 

food particles, chiefly bacteria, upon touching the outer surface of the 

basal half of the collar, adhere and are slowly passed dowm the outside 

of the collar into the cytosome. The group is predominantly of fresh 

water. The coloni al Proterospongia ( Fig. 31C) forms a gelatinous mass 

with collared indm3uairSFThil{IrfIce and collarless interior amoeboid 

zooids derived from in wandered surface zooids. Proterospongia is 

regarded as a link between choanoflagellates and sponges. The choario 

flagellates in turn probably came from Heliozoa, since the collar appears 
to arise through the fusion of axopods. 

To the Protomonadina belongs also the Bode group, colorless 
flagellates similar to monads but of more complicated structure with a 



1UO l£t£ IJX Y&tCT&BtCAlt :0: t'KUTULUA THKULUH VTEJSURHORA 



(Codwja. oftrr LapaC', 1925.) C Protero.pongxa (After Krnt.HXD ° T not<ml 
cboaoofUgeliate. C«W#wo, from life, with a gelatinous envestment. £• ?rv/>an 
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ostome, conspicuous parabasal body near the flagellar base or the 
leus, and two to four flagella, one trailing and often fastened to the 
Dsome or forming the border of an undulating membrane. They 
free in foul water or feces or inhabit the mucous membranes of 
intestinal or urogenital tracts. Here belong Bodo, mostly free-living, 
teromonas (= Prowazekella, Fig. 21 D) from the colon of reptiles and 
jhibia, and Trypanoplasma (Fig. 31(r), trypanosome-like parasites in 
blood of fishes, transmitted by leeches, in which they undergo several 
nges of form. The cercomonads (Fig. 30 K) have one to three 
mor flagella and a trailing flagellum which is fastened to the body 
ace and becomes free at the posterior tip. 

The most important protomonads from the human standpoint are the 
i anosomes, family Trypanosomatidae or Herpetomonadidae, blood 
isites of man and other vertebrates. They are typically (Fig. 31 E) 
elongated form, pointed at one or both ends, with one flagellum 
nging from a basal granule located in front of, near, or behind the 
cular nucleus. The basal granule is accompanied by another 
lule, variously called blepharoplast, kinetoplast, kinetonucleus, etc., 
,vn by the Feulgen test (page 54) to contain chromatin and regarded 
some as a parabasal body. The entire family is parasitic and sapro- 
• they utilize sugars mainly and give off acids and ammonia but are 
entirely anoxybiotic. Reproduction occurs by longitudinal fission 
;. 31 H), involving the division of the kinetoplast, basal body, and 
!eus; the old flagellum is retained by one daughter and reformed in the 
>r from the new basal body. Typical trypanosomes may also undergo 
tiple fission, splitting after several nuclear divisions into a number of 
>ring arranged in a rosette. 

rhe trypanosomes are markedly polymorphic, presenting different 
phologies under different conditions. Four chief types (Fig. 31F) are 
gnized. The Leishmania form is rounded or oval with kinetonucleus 
rhizoplast but no flagellum. The Leptomonas stage is elongated 
i a short flagellum springing from anteriorly located kinetic elements, 
tie Crithidia form the kinetic elements are more central in front of the 
eus, and the flagellum emerging on the surface runs forward as the 
ler of a short undulating membrane. Finally in the Trypanosoma 

H, from the blood of the pike. ( After Minchin, 1909.) F. Diagrams of trypanosome 
i. ( After Wenyon, 1913.) a, Leishmania type; b, Leptomonas type; c, Crithidia type; 
ypanosoma type. G. Trypanoplasma, from the pike. {After Minchin, 1909.) H. 
mosoma gambiense in longitudinal fission. {After Robertson. 1913.) J . Herprtomonas 
Pi, from the intestine of the human body louse. ( After Fantham, 1912.) K. Leish- 
I tropica, enlarged, from slide. L and .V. Stages of Crithidia, from the intestine of a 
fly. ( After Patton, 1909.) .V. A white blood cell taken from an oriental sore, filled 

Leishmania tropica. ( After Patton, 1913.) 1, collar; 2, nucleus; 3, undulating mem- 

; 4, kinetonucleus: 5, basal body. 
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type, the kinetic elements are situated in the posterior end, 1 and the 
flagellum r uns nearly the entire body length on the edge of an undu- 
lating membrane, becoming free near the anterior tip. Each genus of the 
family may assume two or more of these forms. 

** V 

Generic definitions in trypanosomes depend upon complete knowledge 
of the life history, and hence generic placement remains uncertain in 
many cases. The genus Leishmania comprises those forms which have 
only leishmania and leptomonas stages and alternate between a verte- 
brate and an invertebrate host. They live in the leptomonas stage in 
insects and in vertebrates in the leishmania form as an intracellular 
parasite of the reticulo-endothelial system. L. donovani is the causative 
organism of a serious oriental disease, kala azar, in which the parasite 
invades the cells of the liver, spleen, lymph glands, bone marrow and 
other parts with resultant swelling. Oriental sores or boils are caused by 
L. tropica (Fig. 31 K, X). These two diseases are probably transmitted 

by blood-sucking flies of the genus Phlebotamus. 

The genera Crithidia, Leptomonas, and H erpetomonas , which may 
be referred to as herpetomonads, are confined to invertebrate hosts and 
pass from one to another by way of cysts voided in the feces. Leptomonas 
has only leishmania and leptomonas stages, Crithidia (Fig. 3LL, AL) has 
also the erithidial stage, and Herpeto' 31J) displays in addi- 

tion the complete trypanosome form; but these distinctions are more or 
less uncertain. They inhabit chiefly the intestine of arthropods, mostly 
insects The best-known forms are Crithidia, gerridis from the water 
Crider Leptomonas denocephali from the dog flea, and Herpetomonas 
m uscarum from the intestine of houseflies. A number of herpetomonads, 
sometimes placed in the separate genus Phytomonas, inhabit the milk 
vacuoles in the latex cells of :'~As with milky juice such as milkweeds, 
euphorbias, and dogbanes anc transmitted from plant to plant by way 
of plant-sucking bugs. They »ss"me leishmania and leptomonas stages 
and therefore would fall into the g^uc Xptomonas, but for their mode of 


transmissal. . , , , , 

The genus Trypanosoma — & 3, -*mdes the typical blood 

parasites of vertebrates, living free in the blood stream but also occurring 
in other systems. They are transmitted from vertebrate to ^ertebrat 
bv blood-sucking invertebrates, such as leeches, ticks, and insects, 
whose intestine they undergo a definite cycle of development, requ^g a 
number of days, before they become again infective to vertebrates. 
Onlv in the vertebrate do the full trypanosomatic characters appear 

the elongated form, posterior position of the d \ * 

flagellum and undulating membrane. In the invertebrate host and 

i Regarded by some as the anterior end; this is improbable since fission begins at 
the end opposite the kinetic elements. 
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tificial cultures, leishmanic, leptomonad, crithidial, and modified 
ypanosomatic types obtain. 

Trypanosomes occur in all classes of vertebrates but are pathogenic 
ly to man and domestic mammals, probably representing recently 
quired hosts. In their natural wild hosts, the big-game mammals o t 
)pical countries, they are relatively harmless. The cause of their 
treme harmfulness to man and domestic mammals is obscure but may 
nsist in the liberation of toxins. The pathogenic trypanosomes are 
nfined to tropical countries. 

As an example of a tryP anosome life cycle, that of T. lexcisi (Fig. 
), nonpathogenic in the rat, may be presented, as this has been thor- 
ghly studied. Rats become infected by licking from their fur or skin 
shly deposited feces of the rat flea. After an incubation period of 
reral days in some unknown part of the body, the parasites appear 
the rat’s blood and multiply rapidly for 1 to 2 weeks by equal and 
equal fission and multiple fission with rosette formation. Multi- 
cation then ceases because of the formation in the rat of a reproduction- 
libiting antibody (“ablastin” of Taliaferro). The trypanosomes then 
dine in numbers rapidly at first, more slowly later, until after a week 
several months, the rat is free from them and thereafter immune to 
j infection. The disappearance of the trypanosomes is caused by a 
panocidal antibody, produced chiefly in the spleen. When fleas suck 
r blood of an infected rat during the multiplicative phases, they ingest 
panosomes, 25 per cent of which persist in the flea, where they undergo 
ycle occupying about 5 days. They penetrate into the epithelial cells 
the flea stomach, there altering to rounded or oval flagellate bodies 
A sporulate into many trypanosomiform young (Fig. 32, 4). These 


ape into the stomach and may repeat the cycle. Eventually they 
nsform into crithidians and pass into the rectum, where they swim 
>ut or adhere to the rectal walls, undergoing many changes of form 
g. 32, 8 ). They multiply immensely by longitudinal fission, and some 
illy change into trypanosome-like forms that pass out with the feces. 
The chief pathogenic trypanosomes of man are T. gambiense and 
rhodesiense , causative organisms of African sleeping sickness, 1 char- 
erized in early stages by fever, enlarged lymph glands, an anemia, and 
?r, after the trypanosomes have invaded the central nervous system, 
nervous symptoms, lethargy, and death. The disease is transmitted 
a man to man, or other mammals to man, by blood-sucking tsetse flies 
he genus Glossina , in whose digestive tract a cycle of changes ensues, 
t known for T. gambiense . A multitude of slender forms originating 
fission of the ingested trypanosomes work their way into the salivary 


1 Must not be confused with ordinary “sleeping sickness ” or 
elation to trypanosomes. 


encephalitis, having 
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ids where they assume the crithidial type and continue to multiply, 
er several days trypanosomiform individuals again appear that are 
;ctive to the mammalian host when injected into the blood by the 
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tuscles, the heart, and the nervous system, causing dangerous swellings, 
due to T. (or Schizolrypanum ) cruzi , transmitted by a bug, Triatoma 
egista. Trypanosoma brucei, transmitted by species of Glossina, causes 
igana fever of a variety of African domestic mammals. The surra 
sease of India, attacking horses, mules, cattle, and camels, is due to 
. evansi , transmitted probably by tabanid flies. T. equiperdum, instiga- 
t of the dourine disease of horses and mules, differs from the others in 
iving no alternate invertebrate host, being transferred directly in coition, 
ther pathogenic trypanosomes all with a cycle in blood-suckir g flies are 
equinum , causing the disease mal de caderas of horses in South America; 
congolense, pathological to African domestic mammals in general; and T. 
tax, disease-producing in cattle, sheep, and goats. 

Nonpathogenic trypanosomes also occur in mammals, such as T. 
imatum of anthropoid apes, T. theileri of cattle, T. melophaqium of 
eep, and many species in bats. To other vertebrate classes, the 
rasites are harmless. Those of birds are large with long pointed tails 
d are probably transmitted by mosquitoes. Similar trypanosomes 
cur in the blood of turtles, crocodiles, snakes, and lizards. They are 
msmitted between aquatic hosts by leeches, between land forms by 
>od-sucking insects. T . rotatorium , the chief trypanosome of frogs, a 
ge, broad species, is acquired in the tadpole stage by way of leeches, 
.sts in the tadpole in the crithidial form, and changes to the typical 
rp anosome after metamorphosis of the tadpole into a frog. Trypano- 
nes are widespread in fishes with leeches as the intermediate hosts. 

13. Order Polymastigina. — This group comprises oval and elongated 
ms with two to eight, generally four, or else many flagella, a delicate 
licle permitting much change of form, and often parabasal bodies, 
)styles, and similar elements. A slit-like or elongated mouth may be 
sent. There are one to many nuclei. Reproduction occurs by 
gitudinal fission involving a characteristic type of mitosis (Fig. 22E) 
h extranuclear centrioles connected by a fiber (desmose.) Cyst 
mation is common and serves in the transmission of parasitic forms 
m host to host. Nutrition is holozoic or saprozoic. The majority 
commensal or parasitic in the intestine of arihropods, especially 
sets, and vertebrates, including man. 

The simpler members of this order possess typically four flagella, 
j of which is a trailing flagellum and may form the border of an undu- 
ng membrane. In Chilomastix (Fig. 33 A), the trailing flagellum lies 
the elongated cytostome. This genus has numerous species that 
abit the intestine of various vertebrates and pass from host to host by 
T of cysts in the feces. C . mesnili is one of the common flagellate 
abitants of the human intestine. Tetramitus is a free-living form with 
r flagella and trough-like cytostome. Eutrichomastiz (formerly 
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•i-homastix , Fig. 33 B) with three forward flagella, one trailing flagellum, 
3 uth slit, and axostyle projecting posteriorly as a pointed tail, occurs 
the intestine of various mammals, birds, reptiles, fish, and insects. 
■ichomonas (Figs. 21 B and 33C) with numerous species is one of the 
)st common protozoan inhabitants of the intestine of all groups of 
rtebrates as well as occurring in leeches and termites. This and 
ated genera have three to five free flagella, a trailing flagellum border- 
; an undulating membrane, mouth, parabasal body, large axostyle, 
i a chromatic basal rod running along the attachment of the undulating 
mbrane to the body. Most species feed on bacteria, yeasts, and 
filar forms found in their habitats. Cysts are lacking, and trans- 
ssion occurs in the free state. In man there are three chief species, T . 
inalis in the vagina, T. hominis in the colon, and T. buccalis in the 
uth. T. vaginalis has been accused of causing various ailments in 
men, including abortion, but the evidence for anything beyond an 
loying itch or burning in some patients is inconclusive. T. foetus of 
tie is, however, responsible for abortions and other pathological 
ditions of the female tract. 


There are a number of polymastigotes that inhabit the intestine of 
nites as commensals such as Streblomastix with six flagella, Tricho- 
us (Fig. 33 D) with four flagella, Janickiella with four flagella and an 
style and others. In Devescovina (Fig. 11) and several related 
era there are four flagella, one trailing, a prominent axostyle that 
)races the nucleus, and an elongated parabasal body that makes one 
nore spiral turns around the axostyle. Among the more interesting 
imensals of termites are the genera Dinenympha and Pyrsonympha 
;. 33F) in which the four to eight flagella are fastened in a spiral course 
he periplast for the greater part of their length to form the flagellar 
s by means of which the body is kept in constant undulation. The 
style has the form of one to several filaments. 

group of polymastigotes termed Diplozoa includes curious bilaterally 
metrical flagellates with doubled structures, i.e., two nuclei, two 
tyles, two groups of flagella, etc. Hexamita (Fig. 33 H) found in 
nant water and the intestine of cold-blooded vertebrates, is an oval 
t with eight flagella and two axostyles. Giardia (Fig. 33 E) parasitic 
ie intestine of vertebrates, has a flattened, very bilateral body with a 
ral sucking disk, two vesicular nuclei, two parabasals, two axostyles 
four pairs of flagella whose rhizoplasts make complicated loops 
igh the cytosome. Oval cysts are formed that regularly contain 



aroplast ; 2, nucleus; 3, peristomal flagellum; 4, parabasal hnHv * . , 

ole; 7, peristome; 8, undulating membrane- 9 axostvle- 10 fWolfa 5 ’ £ “ tyle; 6f 

up of nucleus, parabasal body; blepharoDUrf InTX ' ? a ^ Uar «>«*»; H. group 
ned rhizoplasts; 13. rhizoplas*; P eZomir fi be r ^ 12 ’ f ° rmed ° f 
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>ur nuclei indicating the beginning of fission; these pass out in the feces 
id are the means of transmission. Giardia enterica (Fig. 33 E) is the 
[ost common intestinal flagellate of man, especially of children. 

The chief intestinal flagellates of man are then Chilomastix mesnili, 
richorrumas hominis, and Giardia enterica. They live in various parts 
the intestine in the active swimming state, feeding on the intestinal 
>ra or saprozoically. Chilomastix and Giardia are transmitted by cysts 
the feces, Trichomonas only in the active state; but in any case, the 
tive flagellates are seen in the stools only in diarrhoeic conditions, 
hat any of the intestinal flagellates are primarily harmful seems very 
lubtful but they may effect some injury when intestinal disease is 
esent. The incidence of infection is generally given as 5 to 15 per cent 
r Giardia, 3 to 5 per cent for Chilomastix, and 0.2 to 1 per cent for 
ichomonas, rising to 10 per cent in insanitary conditions. 

The remaining polymastigotes, frequently called Polyzoa, comprise 
mplicated forms, commensal in the intestine of termites, which 
hibit a multiplication of the essential polymastigote structures. The 
terior end contains numerous groups, each composed of a nucleus, a 
rabasal body, two to four flagella, and a rhizoplast. The rhizoplasts 
nverge to form an axial bundle, the axostyle. Typical forms are 
lonympha (Fig. 33G) and Stephanonympha. 


14. Order Hypermastigina. — This order includes the most complex 
gellates, inhabitants of the intestine of termites and cockroaches, 
ge oval forms with numerous flagella, many elongated parabasal 
dies, axostylar filaments, extranuclear centrioles, and a single nucleus. 
ie flagella may occur in a terminal tuft as in Lophomonas (Fig. 34.4) 
md in the domestic cockroach, or in two or four elongated groups 
the anterior end as in Barbulonympha and Rhynchonympha (Fig. 34C), 
ind in a wild woods cockroach, or over most or all of the body in longi- 
linal grooves as in Trichonympha (Fig. 34D) or in spiral or double 
ral bands as in Holomastigotoides, from termites or Macrospironympha 
g. 34B) from a woods cockroach. The anterior end often forms a pro- 
ting rostrum topped by a clear ectoplasmic cap and covered with thick 
oplasm. Two centrioles (Fig. 34C) frequently depend from the 
tram and from this region probably attached to the membrane 
med by the union of the numerous basal bodies of the flagella hang the 
ead-like parabasal bodies and axostylar fibrils. Fission is initiated 
the centrioles, which give rise to a spindle. The rostrum divides 
owed by the rest of the body, and the old parabasals, axostyles, 

l' par * basal 3. nucleus; 4, axostyle; 5, spiral bands to which 

^l. o J ltend , thrOUgh tMck layer of ectoplasm; 6, centriole; 7, cap part of S 

e S m ’lu and , grooves: the flageUa spring from the grooves; 10. parabasal’ 

es in part of the surface is cut a wav tn show th* 
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flagellar bands, etc., disappear, and new ones form in relation to the 
centrioles. 

The relation of these remarkable flagellates to their wood-eating 
termite and cockroach hosts has been extensively studied by Cleveland, 
who has shown that the flagellates digest wood for their hosts, since the 
latter when deprived of their flagellate inhabitants (through exposure to 
warm temperatures or high oxygen atmospheres) starve and die on their 
regular wood diet. In the woods cockroach, the chitinous intestinal 
lining forms a closed tube (peritrophic membrane) separated from the 
gut wall and containing the food and the flagellates; and since the food 
does not come into contact with the intestinal epithelium, it seems that it 
must be digested entirely by the flagellates. The ingestion of bits of 
wood by the posterior region of the flagellates has been witnessed by 
several observers. The flagellates are thus symbionts vital to the life of 
their hosts. At the time of moult, they are shed in the termites which 
regain them by licking other individuals; but in the cockroach, they 

encyst and the cysts are eaten by the young. 

15. Order Rhizo mas ti gina. — This order has been created for several 

colorless flagellates, unplaceable elsewhere, which are permanently 
amoeboid, closely resembling amoebas, but at the same time possess a 
long flagellum. Here belong Mastigamoeba (Fig. 35), Mastigina, and 

MastigeUa. 


V. CLASS RHIZOPODA OR SARCODINA 

1. Definition.— The Rhizopoda are Protozoa in which pseudopodia 
serve as the sole means of locomotion and food intake during the whole 
or part of the life cycle. Many forms are impossible to separate from 
flagellates as they may become flagellate under certain conditions or give 

off flagellate young. 

2 General Characters— The rhizopods are on the whole much less 
highly organized than the flagellates. In contrast to the definite form 
and radial or bilateral symmetry of the latter, the rhizopod body is either 
irregular and devoid of symmetry or exhibits spherical symmetry and in 
either case is without antero-posterior organization or any differentiation 
of surfaces (Fig. 36). When not spherical the body form changes con- 
stantly owing to the temporary nature of pseudopodia or may be more 
less shaped by an enclosing sheU. The cytosome is usuahy obviously 
divisible into ecto- and entoplasm and generally lacks a definite pellic e, 
“ to .be flagellates. Skeletons and sb* often ^ 

as a whole specializes in the direction of skeleton rather than m cytosomal 

There are one to many nuclei and in fresh-water forms 

nne^rseveral simple contractile vacuoles without contributing vacuo es 
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r canals. Nutrition is holozoic, formed food being captured and 
igested by the pseudopodia at any point. Asexual reproduction pre- 
aminates. chiefly by binary fission, but also by multiple fission, budding, 
id plasmotomy. Sexual processes are known for some species and 
•oiips. In many cases the life cycle includes the production of flagellate 
rarmers, and some forms are flagellate at times in the adult state, thus 
dncing a close relationship to the Flagellata. The Rhizopoda are in<M ly 
litary and free living, but parasitic and colonial forms occur. They 
e cosmopolitan, inhabiting salt and fresh waters and damp tcrrestnal 
Lvironments. 



Fig. 35. — Rhizomastigida. Mastiga- 
ba. ( After Calkins, 1901 J 



Fig. 30. Lohosa. Am^>»ka 
from life. 1. ectoplasm; cr.ropla^m ; 3, 
ectoplasmic riders; 4, rnjricu.*? -;d<> 

5. contractile var-uolo: 0. !arg.-r food hodm/. 


3. Pseudopodia. — Those protoplasmic extrusions assume various 
pes that are generally classified into four types. Lob<>p,„h are broad 
cylindrical with rounded tips and are usually composed of both 
>plasm and entoplasm. More slender shapes with pointed tips and 
i posed of ectoplasm are called lllopods. Thread-like pseudopodia 
: branch and anastomose into networks are termed ntirubjpod* or 
opods. Ray-like pseudopodia stiffened by a central axial rod an- 
ted axopods; they serve for food capture rather than locomotion 
iven pseudopodial form is more or less constant for each species or 
ip but can be somewhat altered by changes in chemical content 
ity. osmotic pressure, etc., of the medium. Thu. in hvpotome 

ia, pseudopodia tend to be broad or sheet-like, in hypertonic media 
ier and ray-like. ' ‘ ’ 
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4. Amoeboid Movement — Progression by means of pseudopodia, or 
amoeboid movement, as it is commonly called, is regarded as the most 
primitive kind of anim al movement or contractility and hence has been 
the object of much investigation in the thought that light might thereby 
be thrown on the general nature of contractility. It is indeed probable 
that a thorough understanding of the mechanism of amoeboid movement 
would also elucidate the nature of muscle contraction. The investigations 
and theories concern lobopods and filopods, since only these types serve 

primarily for locomotion. 

In amoeboid progression, the pseudopodia, i.e., lobopods, are formed 
in two general ways, the profluent (Fig. 38 K) and the eruptive (Fig. 38Af). 

In the former, the ectoplasm bulges as a blunt projection into which, as it 
extrudes, the endoplasm flows in an even manner. In the eruptive 
tvoe limited to small forms and probably associated with a very thin 
layer of gelated ectoplasm, the surface breaks, and ectoplasm and ento- 
plasm burst out in an explosive manner forming a round pseudo!K.d that 

overflows the adjacent ectoplasmic surface (Fig. 38,V). The. latter 
eventually dissolves. Progression by the prefluent method may be of 
the lobose (Fig. 38K) type, with several pseudopodia m adv wire or of the 
iimun type, by means of a single large pseudopodium (Fig. 380). Erup- 
Uve pse'udipodia are usually single. In any case the arnmal moves m a 

somewhat rigrag path as the pseudopodia . tend to «£>*»£*£ 
side then to the other. In most amoeboid forms only the Ups of the 

peeudopodia arem contact However, forms with a 

^ s ifi ectoplasm or a definite tough cuticle are unable to extrude 
pseudopmdia an'd seem to progress by rolling with the enUre lower surface 

in contact with the iom amoeboid movement, only the 

two principal ones wufl be com.der^ ^ ^ ^ ^ o( 

'JfZt ' ' Muehli Worn, and Rbumbler. It argues that, since 
Berthold, But c ^ ^ ^ gurface of a protoplasmic mass 

protoplasm fluid; the whprpver on such a sphere 

a tension acting ,0 make the mass sphencal. ** on ^ 
the surface tension is locally lowered, “ ^^fluid will flow forward 
an outflow will occur. In sue * » called fountain streaming. 

* the center and back alonfl ; t ^^o p s o, certain chemical 
Supporters of the theory naie , of local decreases m 

mixtures will move m amoebom terms {ount ain streaming can 

surface tension and that m some a majority of rhizopods, how- 

ter. exhibit no such _ currents during > 0 ™^ ^ 


ev 


theory assumes a 
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etoplasm is gelatinized. Therefore while the surface-tension theory 
tay apply to some very fluid rhizopods, the change-of-viscosity theory is 
tore acceptable for most of them. Briefly mentioned by several early 
orkers, this theory was first strongly advocated by Hyman (1917) and 
so adopted by Pantin (1923-1926) and Mast (1925). 1 Broadly stated, 
ie theory considers an amoeboid form to consist of an outer gelatinized 
yer and an inn er fluid mass. A local liquefaction of the gelated layer 
luses an outflow at that point. As the outflow progresses, its sides 
‘latinize again so that a pseudopodium consists of a gelatinized tube 
ith a fluid interior and tip. Only the tip touches the substratum 
lellinger, 1906). The local liquefaction probably results from a local 
lemical reaction (release of acid according to Pantin) that renders the 
■otoplasm more fluid either directly by change of colloidal phase or 
directly through imbibition of water. The process of gelation, which 
ay be accompanied by loss of water but more probably is simply a 
lloidal change, involves a contraction that helps squeeze the pseudo- 
idium forward. The entire ectoplasm as long as it is in the gel state 
so has contractile properties, and this is particularly' evidenced at the 
ir end where short, obviously solidified projections accumulate. It is 
nerally postulated that at pseudopodial tips entoplasm is being con- 
rted into ectoplasm (ento-ectoplasmic process of Rhumbler) whereas 
ewhere in the body ectoplasm becomes entoplasm again. 

5. Ingestion, Digestion, and Egestion of Food. — Nutrition is holozoic, 
osisting of algal cells and filaments, other protozoans, small metazoans 


;h as rotifers and nematodes, and, in fact, any small organisms. The 
;le flagellate, Chilomonas paramecium, and other similar flagellates 
pear to constitute the favorite food of large amoebas, and some 
loebas feed almost exclusively on diatoms. No definite regions or 
;anelles for food intake are present; the food is captured by pseudo- 
iia, usually by the formation of a food cup, in which a pseudopodium 
braces the object from each side while a thin sheet advances over it 
m above pinning it to the substratum (Fig. 37A, C). The cup is then 
npleted below and the food enclosed. The food cup may advance 
ays in contact with the prey, a method called circumfluence and 
lerally employed by axopods and reticulopods, which seem to exude 
ky and paralyzing substances upon the prey. Axopods in capture 


In relation to his interpretation of the sol-gel theory, Mast has coined the terms 
masol and plasmagel. These terms have been widely adopted and used as 
dicaUy synonymous with entoplasm and ectoplasm, meanings that were certainly 
Mast s intention. By plasmasol, Mast means the fluid part of the entoplasm- 
magel seems in general to mean the outer (gelated according to Mast) part of the 
plasm plus the inner part of the ectoplasm. The outer most hyaline part of the 
p!asm is considered by Mast to be fluid, a view the author finds unacceptable, 
er details of Mast s theory differ from the view presented here. 
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and enclosure of food undergo liquefaction into ordinary cytoplasm 
Lobopods and filopods employ circumfluence (Fig. 37 D) in the ingestion 
of immotile prey but capture active prey by circumvallati on (Fig. 37.4, C), 
i.e., by throwing out a wide food cup that embraces the prey without 
touching it and includes a large amount of water. The behavior thus 
varies according to the type of food and other circumstances. By 
repeated circumfluent movements long algal filaments can be rolled up 
inside the cytoplasm. Other minor modes of food intake are import 
(Fig. 37 B) where the object sinks passively into the body and invagination 
in which it is drawn into a deepening depression. Ingested food is 





Fig. 37 —Food intake in lobose rhisopods. A. Amoeba proteus ingesting Chtlomonas 
by circumvallation; dotted lines show successive stages of closure of the food cup, seen 
from the side. ( After Kepner and Taliaferro, 1913.) B. Import method of food intake by 
amoeba. ( After Matte*. 1924.) C. Food cup of Amoeba dubia, closing around a ChUomonaa , 
seen from above, from life. D. An amoeba ingesting an algal filament by circumfluence, 
beginning to roll up the filament. ( After RhumUer, 1898.) 1. contractile vacuole; 2, 

nucleus; 3. food object; 4. successive positions of food cup. 

usually carried into the general mass of the entoplasm for digestion but 
may be digested by pseudopodia at the point of capture as is usually the 
case with reticulopods. Digestion occurs in food vacuoles by means of 
enzymes as already described. The death of active prey requires 3 to 60 
minutes. The ability to digest proteins is widespread among rhizopods. 
Some as Pelomyxa and Endamoeba, can digest starch, storing the products 
as glycogen, and others can probably handle cellulose. Fat utilization 
has been demonstrated only for Amoeba (page 62). Indigestible rem- 
nants are extruded at any point where they happen to reach the surface. 

6. Behavior.— Reactions have been studied chiefly m Amoeba and 
closely related forms. To mechanical shock, localized touch, most 
chemicals, media differing from the culture fluid, temperatures other than 
the optimum, and bright light or darkness, a general negative phobotactic 
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reaction is given. The animal ceases movement, and after a brief 
uterval puts out new pseudopodia and resumes locomotion in some 
>ther direction than that from which the stimulus is applied. There is 
•vidence that the stimulus may be transmitted from the point of appli- 
sation. When placed in a constant electric current, amoebas withdraw 
jseudopods from the anodal side and move toward the cathode. Positive 
esponse, the emission of pseudopodia toward the stimulating condition, 
nay be given to contact, food, and some chemicals. According to 
ichaeffer (1916-1917), Amoeba can sense thoroughly washed particles 
f insoluble materials like carbon and glass without touching them as 
videnced by the emission of short pseudopodia in their direction, 
uch nonnutritive particles are generally not ingested but may be, 
articularly if agitated. Amoeba can discriminate between nutritive 
ad nonnutritive particles and can distinguish different food animals, 
hus Mast and Hahnert (1935) report that Amoeba can discriminate 
etween Chilomonas and Monas and selects the former in preference to the 
tter. Food cups may be formed toward dissolved nutrients and when 
le animals are immersed in simple salt solutions. 


7. Order Lobosa. — This order comprises the typical amoeboid forms 
ith lobose or filose pseudopods, never with axopods or reticulopods. 
be form at rest approaches the spherical and is irregular and constantly 
anging in movement. The cytosome is obviously divisible into a 
r aline ectoplasm, scanty in some forms, and a granular entoplasm 
ig. 36). The varying relative viscosity of these two regions affects the 
rm of the pseudopods. Apart from secreted shells, the ectoplasm is 
ked, covered only with the ectoplast, but in a few species, as Amoeba 
rucosa (Fig. 382V), is provided with a definite tough pellicle that almost 
ubits amoeboid movement. One to several simple contractile vacuoles 
! present in fresh-water forms but lacking in marine and parasitic 
bosa. They usually occupy no fixed position but roll about in the 
:oplasmic currents, commonly lagging to the rear when about to dis- 
irge. The vacuole may reform in the place of discharge, from a 
inant of the preceding vacuole or by the fusion of minute vacuoles, or 
y arise de novo, without reference to the preceding vacuole. So-called 
retory granules are associated with the contractile vacuole in some 
cies of amoebas (see Mast, 1938) but their role is unexplained 
ire are one to many vesicular nuclei, usually with central endosomes' 
tntion is holozoic even in parasitic forms, which however are possibly 

' sa P rozoic - A number of species harbor symbiotic zoochlorellae 
ary fissron (Figs. 38.4-F and 40(7) is the regular mode of reproduction 
other methods may occur. The nuclear division is never a simple 

' 16lT usually an intranuclear spindle forms with 

16A ° r Wlthout 38 *0 Polar caps, which may originate 
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rom the endosome, sometimes with centriole-like intranuclear granules 
Fig. 38 F) y sometimes with extranuclear centrospheres (Fig. 16£>). 
tfultinucleate species may divide by plasmotomy or else all of the nuclei 
indergo mitosis. Multiple division (Fig. 40fi) may occur, and hologamy 
5 common among the shelled Lobosa. Encystment is general throughout 
he order. 


The Lobosa are divided into the naked and shelled forms, given in 
ome texts as separate orders. The naked forms are constantly changing 
imps of protoplasm and include all those rhizopods known as amoebas. 
u large number of species have been assigned to the genus Amoeba, 
(though attempts to split this genus into a number of genera have not 


een wanting (Schaeffer, 1926). The various amoebas range in size 
om a few to 1500 micra and vary greatly in viscosity of ectoplasm, 
uantity of ectoplasm, thickness of surface membrane, shape, length, and 
ianner of formation of the pseudopods, number and structure of nuclei, 
"pe of mitosis, etc Several pseudopodial types are recognized: lobose 
• finger-shaped (Figs. 36 and 38 K ) ; stellate or radiosa type, slender and 
)inted (Fig. 38P); guttula type, broad rounded eruptive pseudopodia 
i£* 38L, Af); Umax type with a single broad pseudopod (Fig. 380); and 
nrucosa type (Fig. 38iV), where the stiff pellicle reduces the pseudopods 
low, slowly changing bulges. Any one species is capable of consider- 
le \ ariation of pseudopodial type under different conditions or alter- 
ion of the chemical constituents of the medium. Thus amoebas 
ving lobose pseudopods when in contact with a substratum put out 
lg slender ones when floating free in the water. 


The amoebas are typically bottom dwellers in fresh and salt waters, 
mp soils, and foul materials. They readily form thick-walled spherical 
sts. In addition to the usu^l binary fission (Fig. 38 A-E), multiple 
ision into many small amoebas has been reported and also the for- 
'ti° n ^ ter man y nuclear divisions of numerous internal uninucleate 
5ts which, escaping by disintegration of the mother amoeba, hatch into 
aute amoebas. In either case the small amoebas are said to undergo 
era! changes of form, passing into radiosa or guttula types before 
ummg the typical appearance. The work of Johnson (1930) and 
Isey (1936) indicates that these accounts are erroneous as far as con- 

“. f e fl krger '"^ving species such as A. prolevs and dubia; but 
Itiple fission may occur in some of the smaller forms and of course in 

asitic amoebas. A sexual process is known only for the binucleate 
Mbu (or Sappmta ) diploidea, whose two nuclei originate from the 
oplasnnc union of two individuals enclosed in a common cyst; <hese 

’ , Uclei . fuse only at the next encystment. Plasmogony or temporary 
aplasmic union also occurs among the naked Lobosa. 
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Division of the naked Lobosa into genera and species is difficult and 
usually requires long study and cultivation, and determination of the 
mode 'of mitosis. Most free-living forms with typical pseudopods are 
put in the genus Amoeba, although this genus cannot be said to hat e been 
accurately defined. Of the large amoebas, around 500 micra across, 
there are two well-recognized species in the United States: A. proteus 
(Fig. 36) with ridged pseudopods and disk-shaped biconcave nucleus, 
and A . dubia (Fig. 38K) with oval nucleus and smooth pseudopods. In 
both the nucleus is peculiar in having numerous chromatic blocks visible 
in life (Fig. 38G). These are strewn throughout the nucleus in A. dubia 
and appear to give rise to the chromosomes at mitosis; in A. proteus 
they are superficial and there is a central endosome from which the 
chromosomes originate. The mitosis of these species has been described 
by Dawson, Kessler, and Silberstein (1935, 1937) ; there is an intranuclear 
spindle with polar caps. The numerous moderate to small amoebas, 
often of Umax, guttula, or radiosa types, seen in protozoan cultures are 
probably distinct species but are difficult to identify They have ordi- 
nary vesicular nuclei with a central endosome (Figs. IB and 380). 

Schaeffer (1926) contends that the name Amoeba is invalid and must be replaced 

bv Chaos His argument runs as follows. The first recorded sight of an amoeba is 

that of < Ro«el von ITenhof (1755). This amoeba of Rosel's was named Vdvox ch 
that of Ko. o ^ gvstema Naturae, the starting point for all scientific 

by Linnaeus m ^ he changed tMs name to Chaos protheus. Since nomen- 

T£t, 2F r i 

name becomes Chaos chao q identical with the rhizopod named Pelom yxa 

animal. Schaeffer madams tbrt it L5 to 3 mm . long with numerous 

carolinensis by H. V V, llson m , • , d ^ now un der cultivation in 

nuclei This species has recently ^ Pdo myxa carolinensis {Chaos 

several laboratories, bcnaen • Chaos that A. proteus is 

chaos) and Amoeba proteus belo ° g e m ’ 178 ^ under the name diffluent, 

identical with an amoeba described b } 0. F >UUler in ^ ^ Zoologists 

and consequently that the corree nam “ * , ASOn that the entire matter 

have been unwilling to accept these c a " ges ° r extremely difficult, if not 

impossible, to recognize with certamt> 0 - P ^ J Amiba of Bory de 

name Chaos be not admitted, t e nex spelling of the genus; the spelling 

St. Vincent (1822) and this .appears to be the A are correct, 

wouid be either 0- «>- 

" SS« he, up «be 

most of which rest on very ,U g ht grouped hove P» ^ 

Thus the species dubia is placed m g namefi shall become eventually 

vespertUio in Mayorella etc. c ® ncerted ' opinio n of protozoologists. Some division 
acceptable must depend P 4 moeba is probably desirable. 
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Some other genera of the naked free-living Lobosa that may be 
mentioned are: Hyalodiscus with thin hyaline sheets between the pseudo- 
pods; Pelomyxa, very large slow forms with two to many nuclei and 
numerous inclusions (Fig. 39C); Hartmanclla and Yalkampfia, small 
lim ax-tvpe amoebas (Fig. 16J), feeding on bacteria in foul waters or 
feces or inhabiting the intestine, distinguished mainly by their tj'pe of 
mitosis; and Paramoeba, said to sporulate into chrysomonad-like biflagel- 
late swarmers. One group (family Bistadiidae) represented chiefly by 
Naegleria, can under certain conditions transform into flagellates with 
me to three flagella. Jones (1937) has reported that Naegleria is in 
reality a stage of a myxomycete (group of fungi with amoeboid and 
lagellate young stages which fuse to a multinudeate plasmodium 
-esembling a large amoeboid protozoan). 1 * * * Here may be listed forms of 
mcertain position, often included under the name Protomyxidea, some- 
imes regarded as a separate order, sometimes grouped with the Heliozoa. 
typical forms are Xuclearia and Vampyrella (Fig. 39.4, B) with filopods, 
eeding on algae by puncturing the cells and sucking out the contents 
Fig. 39B), forming cysts with cellulose walls within which sporulation 
nto amoeboid young occurs. 

There are a number of parasitic amoebas, chiefly intestinal inhabitants 
f man and other animals. These are now assigned mostly to the genus 
Endamoeba (including Entamoeba ), s represented in man by E. histolytica 
nd E. coli in the colon and E. gingivalis in the mouth; species also occur 
x the intestine of all classes of vertebrates and in insects and leeches, 
’hey are transmitted directly from host to host by means of cysts passed 
l the feces. Only E. histolytica (Fig. 39D) is pathological, being the 
xusative agent of amoebic dysentery in man, in which the amoebas 
ivade and destroy the intestinal mucosa, induce abscesses, and may 
xread into the liver, spleen, lungs, and brain with abscess formation, 
svere cases are characterized by diarrhoeic stools containing blood, 
tucus, and free and encysted amoebas. The amoebas feed on blood 
jrpuscles, tissue debris, bacteria, and yeasts. After multiplication by 


1 The myxomycetes under the name Mycetozoa are often considi red to be an 

der of the Class Rhizopoda and as such are described in many zoological books 
ace the plasmodium eventually puts forth sporangia filled with spores, we here 
?ard the myxomycetes as fungi and omit them from consideration. 

? The name Endamoeba was created by Leidy in 1879 for the amoeba of the cock- 

■t’ frf, Thit pT e E ^ iamoeba . tetes from Casagrandi and BarbogaUo (1895) 
„ . , That f**™?*? k* Plenty over Entamoeba is self-evident, but this 

alone does not justify inclusion of Entamoeba in Endamoeba. To settle this 

estion it must be decided whether E. Uatlae and E. coli really should be placed hi 
rr S * ’ 411(1 0n thjS P ° mt protozool °gists have never come to a definite deci- 

lamoeba is valid for the human intestinal amoebas 7 ’ men 
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ordinary' binary* fission, small precystic individuals arise that enc} r st as 
smooth spherical cysts containing eventually four nuclei (Fig. 39 E). 
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Fig. 3 P.— Some nuked Lobosa. . 1 . ' a im p’/rj.V’a _ a ^ u ^“a nd^hefcUoroplast 

^ “ird^-anX'hfnm cell, "om life! C. P^xo. ^ Ufe ”Oto numerous 
:; ,;;;:*.■ n Erd*m».M hUiolylic*. from human intestine, stained Preparation. £• > 

Uonrding to Dobell ' 192S) the cyst hatches to a qoa^nucleate amoeba 

that .livid. - mitotically to produce finally eight nnntucleate amoebuia , 

at each division only one of the original four nuclei divide* and the 
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others are distributed among the two daughter cells in all possible com- 
binations. Endamoeba coli (Fig. 39F) with an eight-nucleate cyst 
(Fig. 39 G) and E. gingivalis of which the cysts have not been seen are 
harmless entoco mm ensals feeding on bacteria, yeasts, etc. Dobell 
(1938) states that the cysts of E. coli hatch to a multinucleate amoeba 
[rith four to eight nuclei (since some nuclei may degenerate) and this 
iivides without nuclear division directly into uninucleate amoebulae. 
rhe cysts of these intestinal amoebas usually contain deeply staining 
:longate bodies known as chromatoid bodies (Fig. 38 F). Other harm- 
ess amoebas of the human intestine are: Endolitnax nana with ovoid 


our-nucleate cysts; Iodamoeba butschlii (also called williamsi), whose 
minucleate cysts have a characteristic large glycogen body (Fig. 39//); 
nd Dieniamoeba fragilis, a binucleate amoeba of which the cysts are 
inknown. The incidence of the human intestinal amoebas in European 
nd American whites is about as follows: E. histolytica, 5 to 10 per cent; 
?. coli, 10 to 50 per cent; Iod. butschlii, 1 to 10 per cent; and Endolimax 
ana, 0.5 to 10 per cent. In backward communities and native tropical 
opulations, the incidence may be much higher. 

Intestinal amoebas very similar to and probably identical with 
lose of man occur in monkeys and apes. Among the intestinal amoebas 
f lower a nimals , the best known are Endamoeba ranarum in frogs and 
ndamoeba blattae from the cockroach. A tentative life cycle for the 
tter has been described by Morris (1936). The small precystic indi- 
duals become multinucleate cysts that excyst after being eaten by 
laches, breaking up into many uninucleate amoebulae, possibly of 
ie nature of gametes. These amoebulae grow to a small-sized form 


at may carry on a secondary cycle of encystment and excystment 
'fore finally attaining the adult size, possibly by fusion in pairs. Hydra- 
oeba hydroxena is a large amoeba that is ectoparasitic on hydra, loosen- 
g and devouring cells and soon killing the host. 


The shelled Lobosa are simply amoebas enclosed in protective coverings 
at vary from a gelatinous or membranous encasement to shelLs or 
!ts composed of siliceous prisms or plates or of foreign particles 
ibedded in a gelatinous or tectinous matrix. The shells are of simple 
ipe, mostly oval, urn-, or bowl-like with a single opening or pylome 
rnugh which the clear lobose or filose pseudopods protrude. There are 
lerally a single nucleus, sometimes more, and one to several con- 
ctile vacuoles. This group is supposed to have extranuclear chromatin 
chromidia (Fig. 1 L, page 54). In fission, the encasements if soft 
o divide; otherwise part of the cytosome exudes from the pylome and 
retes a new shell before separation occurs (Fig. 40C). Where the sheU 
bodies foreip fragments, these are stored up by the parent Drier to 
ion and emitted mto the daughter at the time of division. Encyst- 
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ment within the shell is common. Sporulation into naked amoebulae 
(Fig. 40 B), which leave the parent and later secrete their own shells, has 
been reported as well as the production of amoeboid anisogametes that 







B 




FIG. 40. — Some shelled Lobosa. A. Media from Ue 

Fig. 10 E. B. Arcdla speculating into . ^^ the cytopl^m exudes from the 

fission; the two nuclei in mitos is wrtM P 190 7.) D. Euglvpha witha 

pylome and secretes a new sheU (BandCJ THfflagia, from life, with a case made 

shell of little siliceous sealesc .^Tro^Uf'e with a membranous case. G. Chlamydo^n 

2 ,nucleus wiih endosome; 3, contractile vacuole; 4, pylome. 

copulate in pairs. Hologamy appears to be "-tepread amoog tbe 
hter The carious Trichosphaerium, probably best assumed to the shelled 
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Lobosa, having a soft jelly hull with radiating lime spicules and several 
apertures, was found by Schaudinn (1899) to have the following life 
cycle: numerous amoeboid agametes produced by multiple fission grow 
up into forms with a simple jelly hull, and these sporulate into biflagellate 
isogametes that copulate in pairs to form a zygote developing directly 
into the adult. 


The shelled Lobosa are primarily fresh-water inhabitants, common in 

ponds, sphagnum bogs, and fecal deposits. C ochliopodium (Fig. 40F), 

Chlamydophrys (Fig. 40G), and Pamphagus are examples of types with a 

simple thin membranous test. The very common ArceUa (Figs. 10 E, 

10.4) has a yellow to brown bowl-like shell, composed of siliceous prisms 

set in tectin (Fig. 10F), smooth or with dimples or with horns. It has 

:wo vesicular nuclei and several peripherally located contractile vacuoles. 

\.t fission half of the cytoplasm exudes and secretes a new shell, recog- 

lizable by its lighter color, in such a way that the pylomes of parent and 

laughter shells face each other (Fig. 40C). Difflugia (Fig. 40 E), Centro - 

ryxis y and A ebelo, have pyriform shells made of foreign particles set in an 

organic matrix; these particles are ingested prior to fission, and in Nebela 

onsist of plates of other Testacea used as food. In Euglypha (Fig. 40D) 

he test is composed of secreted siliceous scales and spines, and in Quadrula 
i squarish plates. 


8. Order Foraminif era.— This order is distinguished by reticulopods 
branching and anastomosing pseudopods) and is here limited to such 
H>es of rhizopods. A few naked amoeboid fresh-water forms of uncer- 
un position as Protomyxa may be included here by virtue of their reticulo- 
ods. All others are invested with a shell or test that is one-chambered 
nonothalamous, unilocular) or many-chambered ( polythalamous , multi- 
cular), and imperforate (with one or a few openings Fig 41 E) or 
nforate (with many pores, Fig. 41N). The test is composed of a 
da mous or pseudochitinous secretion, or of sand grains, sponge spicules, 
other foreign bodies embedded in such secretions (Fig. 417) or in the 
ajonty of species of calcium carbonate in the form of the mineral 
cite. Calcareous shells consist of 90 per cent calcium carbonate and 

e S! r fX tT’ “^7 S 7 hate ’ and o^er minerals. Unilocular 

' AU f e ° f Simple Spherical > oval, tubular, spiral, or 

anched shapes, and expand continuously with the growth of the 

imah Multilocular tests consist of a series of successively larger 

be^n adT> timeS "***•* but generally following each 

, . e ^qnence. Such regular arrangements classify into the 

lowmg types, nodosaroid (Fig. 4L4, 5), chambers in a straight line Hke 

t or conical spiral like a snaii'sTheU • cSk (r« 4, ^ 1 T ‘ n “ 

atric; textidarid (Fig. 41 C) chamber h! t g _ 4 1^’ chambers «>n- 

K chambers in two or three alternating rows 
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like a braid; and finally irregular and mixed types. The shell may be 
ornamented with sculpturing and protuberances. 

The majority and most typical foraminiferal shells are multilocular, 
perforate, calcareous, and spiral (Fig. 41 L, N , 0). The chambers are 
separated internally by calcareous septa pierced by one or more openings. 
The walls are perforated with numerous pores (whence the name Fora- 
mimfera or pore-bearers), and in many forms elaborate canal systems run 
in the walls. The animal starts life with one chamber termed the 
proloculus but with growth outflows from the main opening and secretes a 
new larger chamber. This process continues throughout life, resulting 
in a succession of chambers of steadily increasing size. In the higher 
forms, each species is dimorphic, having two types of shells, megascleric 

(Fig. 41 H, Mj N) with a large proloculus and microscleric (Fig. 41 G, 0) 
with a small one. 


The cytosome occupies all the chambers passing through the openings 

n the septa. The protoplasm is viscous and granular, frequently with 

nany small inclusions, lacks a distinct ectoplasm, and contains one to 

nany nuclei. Contractile vacuoles are absent in marine species. The 

>rotoplasm extends through the mouth of the shell and through the 

lores in perforate shells to form a layer over the exterior that by secretion 

ontinually adds to the thickness of the shell and from which the pseudo- 

ods extend. These are long and filamentous, very viscous and con- 

tactile, uniting into networks (Fig. 41 N, P ) and exhibiting vigorous 

breaming movements. The food consists of small organisms caught 

nd apparently paralyzed by the pseudopodial network, enclosed and 

Ften digested at the point of capture. Many forms contain symbiotic 
>ochlorellae and zooxanthellae. 


The Foraminifera so far as known reproduce exclusively by multiple 
vision, involving an alternation of generations. Early incomplete 
^counts of the life cycle by Schaudinn and Lister based on Elphidium 
- Polystomella) have been recently verified by Calvez (1938) and others. 
“ e ^ ult f oraminifer is dimorphic as already mentioned ; some individuals 
e schizonts or agamonts, destined for asexual reproduction, and others 
e gamonts , which give rise to gametes. In the simpler monothalamous 
rannnifers the two forms cannot be distinguished morphologically 

crotl^’ e , tyP k 1CaJ P ol 3 rtha lamous genera, the schizonts have 

croscleno shells and the gamonts have megascleric ones (though 

.options occur . The schizonts or microscleric individuals eariy 

n ° me f U at \ and When under g° multiple fission into 

nonuclear young, whrch soon begin the secretion of megascleric sMs 
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and then escape from the parent shell (Fig. 42 A-C). These megascleric 
individuals develop into gamonts, although it appears that a few may 
become schizonts in some species. These gamonts remain uninucleate 
until mature and then, following complicated nuclear reorganization 
processes, undergo spomlation into multitudes of minute (2 to 5 micra 
long) biflagellate isogametes (Fig. 42 J, K). These have two unequal 
flagella ; they fuse in pairs to a zygote that develops directly into a schizont. 

In some genera, the gametes are amoeboid , not flagellate The life 
cycle of one of these, Patdlina (Fig. 42A-G), has been beautifully worked 
out by Myers (1935). The microscleric individuals sporulate into 12 
amoeboid agametes (Fig. 42B) that secrete megascleric shells and associ- 
ate in groups of two or more (Fig. 42 C). Each megasclenc individual 
divides into eight amoeboid isogametes (Fig. 42D) that copulate * in 
pairs (Fig. 42 E); the resulting zygotes develop mierosclenc she (Iig. 

42 F) and escape as young microscleric animals. 

The association of two or more foraminifers appears to be a common 
phenomenon and in at least many cases is related to sexual reproduction. 
Preceding gamete formation a cyst may be secreted around the group 
of shells It is known for some that a gamete fuses only with a gamete 
tom one of the other individuals in the group and m fact the cross- 

fertilization appears to be the purpose of such associations. 

\ few naked species and forms with simple oval tectinous shells such 

an Gromic (Fig. 41P) and the similar Allogromia 

fresh water but the group as a whole is marine. The Foraminifera are 

typically bottom dwellers, although some are pelagic and may be pro- 

S ith spines as a floating device (Fig. 410). The shelE range 

mostly from 20 to 50 micra to 2 to 5 mm. in diameter, but a few may 

mostly from M ^ ^ dth . Among the more primitive 

To a rt such L the itrorhizids, the test Ls composed chiefly of fo W 

fonns, sue • A^trorhiza but more commonly is 

particles and may e ran ^ 41 j a Monothalamous shells are illus- 

.rated by the bottiejhaped ^ .tarings ^rMy 

subdivided into tiny c Kndosariidae have chambers in a row as 

Among polythalamous types, enclosing each other as in 

in Nodosaria, diagrammed m Fig • 41B ^ ^ ^ ^ ^ _ 

F TO nd icu la na , diagrammed in g- * ’ ^ the chambers make 

a half spiral and somewhat enclose each other ^eKot ^ 

the typical spiral succe^ion o c am e ^ 0rbuHnidae the spira Uy 

sculptured Elphidium (Fig- 4LL), an Globigerim 

"nfo - — 
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A Ufe CydeS * A ^' Pat eUina carrugata {after Myers 1935): 

viduals beginning to form their shells- G Esc* ° rD ? Z ^ gotes ’ F ; Joun E microsderic indi- 
monothalamous genus (Xc^l9^' TZ, ? C "** eric young. H -J, Iridina, 
which become sexual individuals or gamonts- J , 3fKJrulatlo ° to amoeboid young 

spec.es) sporulating into gametes. K. The ’biflageUate gamdes^sk.™ ^ ° f dilDOrphic 
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numbers that their empty shells falling to the bottom form at depths of 
2500 to 4500 m. the most obvious components of the bottom mud, termed 
Globigerina ooze from the prevalence in it of this genus, although other 
calcareous shells are also present. This mud composes about one-third 
of the ocean floor. At greater depths calcareous shells dissolve because of 
the increased carbon dioxide content of the water. As many as 50,000 

foraminiferal shells may occur in one gram of ocean sand. 

A very large number of extinct species have been found as fossils and 
many species persist through several geological formations. The oldest 
fossils go back to the Cambrian period but the group does not become 
common until the later Paleozoic eras. Achieving an abundance and 
variety in the Carboniferous and Cretaceous periods, the Foramimfera 
have continued common in the rocks to the present time, and the late 
Tertiary species are identical with living forms. During Jurassic and 
Cretaceous times they contributed much to the formation of calcareous 
rocks and chalk, and some chalks and limestones consist entirely or in 
large part of foraminiferal shells. The very large fossil Foramimfera 
known as Nummulites (now Camerina), up to 19 cm across, reached their 
height in the early Tertiary and formed limestone beds in Europe, Asia, 
and northern Africa. In recent years fossil Foramimfera have been 
much employed in the oil industry in correlating rock strata. 

9 Order Heliozoa.—' The Heliozoa, or sun animalcules (Figs. 43, 44), 
are spherical rhizopods with stiff radiating axopods. United m tbs 
group are doubtful forms with lobose or flagellate tendencies. In the 
typical members (Fig. 43.4, B) the spherical cytosome is divided into a 
hlghlv vacuolated ectoplasm or cortex, which bears at its surface one to 
several contractile vacuoles, and a denser granular central entoplasm or 
medulla in which the one to many nuclei are contained. Many are 
enclosed in gelatinous envelopes in which foreign objects or secreted 
plates or spicules of silica (Fig. 43D, E) may be embedded ; or are sur- 

which project through the skeletal investments when present, are axopafe 
consisting of a stiff axial rod clothed with a layer of streaming protopl^m 

!ne,Se into the medulla where they terminate free or o n anue^a 

are motionless or move very slowly, for the pseudopodia , serve or taxi 
capture rather than for locomotion. Nutrition ts holosmc. Any smal 

animals that happen to touch the ££ 

conveying the prey to the main mass of the ammal .m fcn 
riowly retracts into the animal. Plasmogamy is commonly practiced 
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the capture and digestion of large prey (Fig. 44 B, C). Many species 
harbor zoochlorellae (Fig. 43D). Asexual reproduction occurs in uni- 
nucleate forms by binary fission involving a regular mitotic division of 
the nucleus ; or by plasmotomy without nuclear division in multinucleate 
species. Acanthocystis (Fig. 43£) is said to bud off amoeboid or biflagel- 
late young that grow into adults. A remarkable form of hologamy called 
autogamy or self-fertilization has been thoroughly established for Adin- 
ophrys (Fig. 44 D-G) and Adinosphaerium in which the animal after 
withdrawing its pseudopods and secreting a gelatinous cyst divides 
into two daughter cells. These undergo two typical maturation divisions 
like those of metazoan sex cells and then fuse to an encysted zygote that 


later hatches into a young heliozoan. 

The Heliozoa are predominantly fresh-water forms, free or fastened 

bv Stalks Many texts include in the group doubtful forms that other 
authors assign to the Lobosa or elsewhere. Among these are several 
forms called Helioflagellidae, that pass into a flagellate condition, either 
losing or retaining the axopods; and a group of species parasitic m amoe- 
boid phases in algae and flagellates, producing flagellate free forms that 
may assume a heliozoan-like appearance. Of the typical heliozoa he 
most familiar are the small uninucleate Adinophrys (Fig 43B) and the 
large multinucleate Adinosphaerium (Fig. 43A) sun-hke protozoans 
with well-defined cortical and medullary regions. Heterophrys Fig. 43^ 
has a jelly hull with embedded siliceous spicules; Acanthocystis 43 E) 

fs known by the radiating siliceous spines; and the beautiful CMhruUna 

(Fig 44£T) is enclosed in a latticed sphere of tectm. 

10 Order Radiolaria.-The Radiolaria are characterized (Figs. 45, 

46) by the sharp division of the body into central capsuh and 

rs as- - 


the essential par. of a radiolarian, consists of the 
intracapmlcr and the enclosing 

"c ZS: S ^ " d s 

The latter, a broad zone, consists chief!) g 
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dymma, (Fig. 45 A, B), usually forming the walls of large vacuoles filled 
ith a watery fluid, which give the ani m al a bubbly, frothy appearance, 
he extracapsular protoplasm lacks nuclei and usually contains ''yellow 
:11s ” symbiotic zooxanthellae very characteristic of the Radiolaria, 
rmerly supposed to be algae, now known in many cases to be modified 
noflagellates or chrysomonads. More common in the central capsule 
it also occurring in the calymma are fat drops, oil spheres, crystals 
id a variety of other inclusions, and pigment granules, generally red, 
.ilow, or brown, sometimes blue. From the central capsule or the 
>re fields or from a zone (matrix) just outside the capsule membrane a 
rnser protoplasm extends outward like a net or as rays through the 
lymma to issue at the surface as fine radiating p~~udopodia, usually 
opods, which may branch or anastomose. The central capsule is 
pable of independent existence and can regenerate the rest of the 
ganism. Nutrition is holozoic, although the assimilative powers of 
e zooxanthellae may be utilized. 

A skeleton is nearly always present, radiate or concentric or of both 

pes intermingled, composed of silica except in the Acantharia where 

is made of strontium sulphate or calcium aluminum silicate. The 

diating type (termed astroid by Haeckel) (Fig. 45 A) confined to the 

border Acantharia, consists of long spines or needles radiating from 

e center of the central capsule and embraced where they leave the 

lymma by a circlet of myonemes, termed myofrisks, which serve to 

)ve the spines and contract the calymma. Concentric skeletons, 

ranged concentrically with reference to the capsule membrane, take 

3 form either of separate spicules lying free in the calymma ( belaid 

pe) or of lattice spheres (. spherical type), occurring anywhere inside 

3 body or enclosing it, often present as a concentric series of several 

% 

tieres one inside the other (Figs. 10D and 452s) . All possible combina- 

ns of radiating spines and lattice spheres occur, together with innu- 

irable ornamentations such as spines, thorns, hooks, etc., rendering the 

liolarian skeleton one of the most wonderful and exquisite objects in 

ture. Besides the more common lattice spheres, helmet (Fig. 45D), 

k, bell, and other shapes of lattices abound. The skeleton, especially 

* latticed types, has been explained by postulating deposition of 

nerals along the planes and angles of contact of the vacuoles of the 
itoplasm. 

Asexual reproduction by binary fission involves first the nucleus, 
ich when polyenergid may produce hundreds of chromosomes, then 
' cen tra! capsule, and finally the calymma. When possible, the 
deton is also divided and each daughter regenerates the missing half, 
len the skeleton is indivisible, one daughter cell issues forth and secretes 
entire new skeleton. In many Radiolaria, after the breaking up of 
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the nucleus into numerous nuclei, sporulation into biflagellate swarmers 
(Fig. 45 G), probably isogametes, has been observed. Reported ani- 
sogamous swarmers are probably escaped zooxanthellae. The complete 
history is unknown in any case. 

The Radiolaria are exclusively marine and chiefly pelagic; the bubbly 
calvmma, oil and fat drops, and spreading pseudopodia and skeletal 

v 





no. 46. — Radiolaria (continued, .4. Colonial radiolarian - Sacrum order 

laria, a bubbly gelatinous mass with numerous central capita of Col- 

caosules of three genera of such colonial radical -nan-. , * * with loose 

lo-oum without skeleton: C. central capsule of Sphacrozoum , enlarge - ’ { ^ 

spicules ; O. «m. .! . .uc .=« » • »»«• 

with three pore fields and the dark phaeodmm. Ujter Haeckel, l»r.) n ce t 
2, zooxanthellae: 3, oil drop; 4, pore fields; o. phaeodium. 

spine' all *erve as aids to floating. They are able to ascend and descend 

bv altering the degree of extension of the calvmma 

are said to sink below the surface in stormy weather. Their istnbuto 

is related to external factors, as there are warm- and coM-water , 
littoral and oceanic species, surface dwellers, and those mhabit g 
water down to 5000 m. (over 3 miles). The bottom mud in t P 
Darts of the ocean where calcareous shells dissolve consists arg y 
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siliceous skeletons of the Radiolaria, sponges, and diatoms and is ealled 
the radiolarian ooze. It occupies 3 to 4 per cent of the ocean floor. 

The many species presenting a wonderful array of skeletal patterns 
ire usually grouped into four suborders. The Acantharia are charac- 
;erized by the distribution of pores throughout the capsule membrane, 
md a skeleton of radiating spines mostly of strontium sulphate, ofteD 
inited outside the animal by latticework. Acanthornetra (Fig. 45.4) 
3 one of the best known representatives of this group. In the Spumel- 
aria or Peripylea the capsule membrane is also pierced throughout with 
lores, but the skeleton is absent or composed of silica as loose eoncen- 
rically arranged spicules or lattice spheres (Fig. 45 E). Here belong the 
leautiful Thalassicola (Fig. 45 B) without skeleton and the colonial 
’ollidae, forming large spherical or cylindrical bubbly gelatinous masses 
ontaining numerous central capsules (Fig. 46.4). The principal genera 
re Collozoum with naked central capsules (Fig. 465), Sphaerozoum, 
apsules surrounded by loose spicules (Fig. 46.4, C), and Collosphaera, 
apsules enclosed in a lattice sphere (Fig. 46D). The Nassellaria or 
lonopylea have a central capsule with a single pore field (Fig. 45G) 
nd skeletal types such as Fig. 45 D and F . The Tripylea or Phaeodaria 
re characterized by a central capsule with typically three pore fields 
rig. 465), a mass of dark pigment, the phaeodium, lying near the main 
ore field, and a variously formed siliceous skeleton. 

The Radiolaria are a very ancient group and among the oldest fossils 
aown, said to occur in Pre-Cambrian rocks in Brittany. Only the 
lumellaria and Nassellaria are preserved in the rocks. As far back as 
ie Tertiary, where the most abundant display of fossil Radiolaria occurs, 
ie skeletons are preserved unaltered and are practically identical with 
ese^it species. In older formations the silica has been replaced by 
her minerals and the species are different. Radiolarian skeletons 
ntribute largely to siliceous rocks such as chert. 

VI. CLASS SPOROZOA 

!• Defil “tion. The Sporozoa are entoparasitic Protozoa transmitted 
astly by walled spores usually produced by multiple fission except in 
X)d-mhabiting forms, which sporulate into naked young. 

2. Other Characters. — The sporozoans are inter- or intracellular 
rasites of vertebrates and most invertebrate phyla ; each species is 
ue or less limited to a specific host. They commonly pass from host to 
st by means of young or zygotes enclosed in hard walls and known as 
nes but where the transmission is direct, as by blood-sucking inter- 
idiate hosts, the infecting stages are naked. The body in vegetative 
ases is ovd or rounded or often elongated and worm-like, motionless 
exhibiting amoeboid, euglenoid, or gliding movements. The cytosome 
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is uninucleate in young stages but becomes multinucleate either before 
or at the time of multiple fission. It may be differentiated into ecto- 
plasm and entoplasm and in gregarines has myonemes and special 
adhesive organelles, but in general formed structures are absent. There 
are no contractile vacuoles. /Nutrition is strictly saprozoic by absorption 
over the whole surface or inSbme gregarines apparently at the anterior 
end. Typically both sexual and asexual reproduction involve multiple 
fission in which the animal after becoming multinucleate by a series of 
rapidly ensuing mitoses breaks up into a number of offspring, agametes or 
gametes. The growing vegetative parasite is called a tro-phozoite. When 
this upon attaining full size, undergoes multiple fission directly into 
agametes it is called a schizont or agamont, the multiple fission is termed 
schizogony or agamogony, and the agametes are known as merozoites. 
These reinfect the host and grow up either into another generation of 
schizonts which repeat the schizogonic cycle or develop into gamonts, also 
termed gametocytes, which produce the gametes directly or by a multiple 
fission called gamogony. The zygote, also called oocyst, or if motile, 
ookinete, usually again undergoes multiple fission, known a ssporogcmy 
either into naked young, the sporozoites, which infect directly, or into 
walled spores, from which one to many sporozoites emerge under proper 
conditions. The life cycles of many Sporozoa include an alternation of 
schizogony and sporogony, often in relation to change of hosts. The 
gregarines and coccidians differ from all other animals in that the reduc- 

alone is diploid; all other stages of the life cycle are haploid as m higher 
plants; buUt is not certain that this phenomenon is true for all members 

° f tI* Sporozoa ate often divided into two subclasses the Telospondia 
with elougated sporozoites aud no polar capsules m the 
Neosporidia, in which t^i— » groups 

SHe s 

£ tr orders : Gregarinida, Coocidia, and 

nT^Gregarinida-The gre gannes 

^HSta £ ESTESES— — 
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jorogony. They inhabit the digestive tract, eoelomic spaces, and other 
ivities of echinoderms, mollusks, tunicates, annelids, arthropods and 
ther invertebrates, being probably absent from vertebrates. The 
sung parasite (sporozoite or merozoite) is usually intracellular but as it 
•ows protrudes from or leaves the cell, and the matured schizonts or 
imonts either adhere externally to the digestive or eoelomic lining, or 
ive the knobby, pointed, hooked, or root-like anterior end (Fig. 47*4, 
, F) anchored in one or more cells, or move about freely in the body 
laces. The grown trophozoites vary from 10 micra to 16 mm. in 
Qgth and are usually of elongated, worm-like shape .(Fig. 47*4 -F). 
hey move in amoeboid fashion or by worm-like bendings and coDtrac- 
jns or by a peculiar gliding movement, much studied but little under- 
ood. The old dew that a column of mucus accumulating behind the 
limal pushed it forward is now discredited; more recent observers 
cline to regard the gliding as caused by delicate contraction waves 
ong the myonemes. The gregarines may attain a considerable degree 
differentiation. The ectoplasm in the more complicated forms is said 
consist of four layers: an outer tough cuticle often longitudinally 
Iged (Fig. 47 C), a mucus-secreting layer discharging through pores 
to the surface grooves, the ectoplasm proper, and an innermost zone of 
yonemes, termed the myocyte, which may consist of both circular and 
agitudinal fibrils as well as bundles extending into the entoplasm. 
le anterior end may be provided with spines, hooks, filaments, etc., 
cuticular origin, used in adhesion (Fig. 47.4, B, F). The dense granular 
toplasm is loaded with inclusions, such as paraglycogen bodies, protein 
d volutin granules, and fat spheres. Mitochondria and true Golgi 
dies (Fig. 7 H) are present. The gregarines are uninucleate in young 
iges, beco min g multinucleate either before or as multiple fission 
proaches. 


In most gregarines the sporozoites develop directly into gamonts, 
lizogony being absent. The gamonts tend to adhere in chains of two 


more individuals (Fig. 4 tD). The adherence of two gregarines, known 
syzygy, anticipates gamogony, for the later history shows that the 
terior member is female, the posterior male. Gamogony follows the 
ne course in all members of the order. The mature male and female 


monts, often distinguished by cytosomal differences, if not already in 
sygy > adhere in couples, round up, and encyst within a common cyst 
Jl, often embedded in jelly (Fig. 47 H, J .) Inside the cyst, the gamonts 
thout fusing undergo multiple fission into a number of gametes, all 
3se from one gamont being of the same sex (Fig. 47 K, N). A con- 
erable amount of parent cytoplasm remains unused and constitutes 
; residual body. The usually rounded gametes appear to be isogamous, 
t in some species the male gametes are pointed or tailed or even 
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lagellate (Fig. 47 N). The gametes fuse in pairs (Fig. 47L), and the 
esulting zygotes each transform into a ■walled body, formerly termed 
seudonatricella, now usually called spore, of various shapes: oval, rec- 
angular, pyriform, fusiform, sometimes with spines or long tails (Fig. 
8 U-X). Each zygote becomes one single spore within which multiple 
ssion into a bundle of eight (in a few cases one) elongate sporozoites 
ccurs (Fig. 47 M). All these processes take place within the original 
pst (Fig. 470), which now or previously is discharged by way of the 
:ces or genital or excretory ducts or possibly only by death of the host, 
a many forms the exact details of the transfer from host to host are 
n kn own. The residual body often assists the rupture of the cysts 
ther by swelling or as in the genus Gregarina by forming tubes, the 
jorodticts, which, turning inside out, penetrate cyst wall and jelly and 
■rve as conduits for the exit of the spores (Fig. 48 Y). The latter can 
sist prolonged drying. They hatch, when ingested by proper hosts, 
to worm-like sporozoites, which by gliding and myoneme movements 
tain their accustomed sites. In most gregarines the infection simply 
isses from one individual to another of the same species but in a few 
iere is an alternation of hosts. Owing to the lack of schizogony in 
ost gregarines, the parasites do not multiply within the host and 
nsequently cause little damage. 

The gregarines fall into two suborders, the Schizogregarinaria and 
e Eugregarinaria. The schizogregarines are a small group, inhabiting 
e digestive tract and its appendages in annelids, arthropods, and 
nicates and multiplying by one or more schizogonic cycles before the 
pical gamogony sets in. Examples are Schizocystis (Fig. 48 A-H), a 
>rm-like form in the intestine of a midge that sporulates as in Fig. 485, 
fore entering on the typical sexual cycle with anisogametes (Fig. 
D-H)] and Ophryocystis (Fig. 48 J-N) from the Malpighian tubules of 
etles where each gamont produces only a single gamete (Fig. 48 M), 
d one spore (Fig. 48.V) results. The eugregarines, which lack schizog- 
y, comprise the majority and more typical members of the order and 
5 divisible into acephaline and cephaline tjqjes. The former, charac- 
ized by simple undivided bodies, inhabit the body spaces of various 
vertebrates. Representative are Mcmocystis and related genera (Fig. 


rterocepnalus. G-M. Life cycle of a gregarine, baaed 

aCepha ^ ne gr f egarme fou “d in planarians, somewhat diagraming 
ature greganne , H association of two gamonts; J, nuclear multiplication- K further 

th ® left r gamont (Probably male) more advanced than the rightlne 

stsjs, usss. 't 
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itine of the midge Ceralopogon {after Leoer. 1909) . A E insi de the cyst, each 

ergoing schisogony; C, mature gamont; D * gamonts m G male female 

ont undergoes multiple fission *? to ' t # eac h gygote has formed a sporocyst- 

etes enlarged ; F . gametes have fused to sygotes H. each £3^ of beetles^ 

r A schiBOgreganne, Opfcn/ 0 ^!/** 1 ^’ par *• L two gamonts in ayiygy* 

,.19071 : rr^s of growth of thepar-te;^ to a s^* 

each gamont produces a single isogamete, A . the two g 
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7E, N, 0 ), which occupy the center of the sperm balls in the seminal 
esicles of earthworms, and Lankesteria (Fig. 47G), occurring in pla- 
arians, insects, ascidians, etc. The cephaline gregarines comprise the 
lost complex members of the order with the body divided into an anterior 
yimerite furnished with a knob, point, teeth, hooks, filaments, etc. (Fig. 
lAj B } F) for anchorage in the host cells, and a worm-like remainder, 
r ten separated by an ectoplasmic partition into a short anterior proto - 
erite and a long posterior deutomerite containing the nucleus (Fig. 
IA, B, D , F ). In this group the ectoplasm and myonemes reach their 
eatest differentiation. The cephaline gregarines inhabit chiefly the 
testine of arthropods. Representative is the genus Gregarina (Fig. 
7 D) with many species in cockroaches, meal worms, and other insects, 
ith a simple epimerite and cysts emptying through sporoducts (Fig. 

>n 

4. Order Coccidia. — The Coccidia are intracellular parasites of epi- 
elial cells of annelids, mollusks, arthropods, and vertebrates, with 
mplex life cycles involving an alternation of schizogony and sporogony, 
metimes with change of host. They inhabit principally the lining 
ithelium of the intestine or its appendages such as the bile duct, liver, 

Malpighian tubules but may also parasitize the kidneys, testes, and 
ings of blood vessels and coelomic spaces. The young sporozoites 
d merozoites are elongated and motile like gregarines. They quickly 
ter an epithelial cell, become rounded and motionless, and grow into 
lizonts that undergo schizogony into numerous merozoites (Fig. 
F-/). These differ slightly from sporozoites. They reinfect addi- 


nal host cells, and, as schizogony may be repeated many times, the 
st may become heavily infected and suffer serious or fatal damage 
»m the destruction of its cells. Often, however, the host appears to 
some adjusted to the inroads of the parasite through regeneration of 
w cells. After repeated schizogony, the merozoites develop into 
nonts (Fig. 49 K). The female gamont enlarges into a large spherical 
erogamete or egg packed with food (Fig. 490) reserves while the male 


nont or microgametocyte divides into two, four, or many micro- 
netes (Fig. 49L-N). The zygote encysts, being then termed oocyst , 
i undergoes sporogony into a variable number (one, two, four, or 
ny) of bodies called sporoblasts that, secreting cyst walls, become 
'rocysts or spores within which a final division into one, two, four, or 
ny sporozoites occurs (Fig. 49 P-R). Thus the oocyst contains walled 


ch becomes a single spore containing eight sporozoites. O-T. Sdenocoecidium a 
»dian resembling a gregarine (after Leger and Duboscq, 1910): O, mature worm-like 

achxzo ^° n y^ schizogony; R, alteration to rounded 
rogametocyte; 5. mature macrogamete; T, formation of microgametes. U-X Various 

•risrr&nr" *> r. Cw i X" 
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spores (sporocysts) each of which contains one or more sporozoites. 
The sporozoites escape when the oocysts are ingested by the proper host. 
The foregoing is the typical history, which may be modified in blood- 
inhabiting forms. The majority of the coccidians are confined to a 
single host; only the blood-dwelling genera and a few others pass through 
an intermediate host. 

The Coccidia are divided into two suborders, the Adeleidea and the 
Eimeridea. In the former, the larger female gamont and the smaller 
male gamont adhere or encyst together, as in gregarines, and the male 
gamont then divides into two or four nonflagellate microgametes, one 
of which fertilizes the egg (Fig. 49 A— E). The number of sporocysts and 
contained sporozoites is variable and in some cases, as Haemogreganna , 
the oocyst produces the sporozoites directly without sporocvst formation 
(Fig. 50 A-L). To the Adeleidea belong the true blood coccidians, for- 
merly called haemogregarines, comprising the genera Karyolysus , 
inhabiting the endothelial lining of the blood vessels of lizards and snakes; 
Hepatozoon (Fig. 49 S-Z) living in the cells of the liver, spleen, bone 
marrow, etc., of mammals; and Haemogrcgarina (Fig. 50 A-L), parasitiz- 
ing the red blood corpuscles of turtles, possibly other reptiles, and fish. 
These forms pass through schizogonic cycles in the situations mentioned 
but the gamonts penetrate red and white blood corpuscles and develop 
no further unless ingested by a blood-sucking invertebrate, such as 
ticks, mites, or leeches. Gamogony and sporogony ensue in the inverte- 
brate host, and the reinfection of the primary vertebrate host is accom- 
plished either by ingestion of infected mites and ticks or by the bite 
of an infected animal. 

In the Eimeridea or typical coccidians, the gamonts remain separate, 
and the microgametocyte produces by multiple fission numerous small, 
slender, biflagellate microgametes that swim to the large immotile 
macrogametes (Figs. A9F-R and 50 M~Q.) Certain genera exhibit a true 
alternation of hosts; the details are known only for Aggregate; its schizo- 
gonic cycles occur in the intestine of crabs, and gamogony and sporogony 
occur in squids which feed on crabs. Schelluckia in the digestive tract 


typ ic ai ® oc £ i ldian * Exmepa sp . from centipede intestine, from slide ( courtesy Dr. D H 
W enrich) : F growth of trophozoite in the epithelial cells of the host; G. beginning of 
schizogony; H, schizogony; J, single merozoite that reinfects intestinal cells; K, gametocyte* 

titwr g Tp C ^ e ° rnun ^ numerous sperm; 0, female gametocyte developed from K. 

g ertilized, P, oocyst with a cyst wall; Q, oocyst has formed four sporocysts; R, each 
sporocyst becomes a cyst and produces two sporozoites S 7 Tif*» n-v^i a. ~r rr* \ 

«<*>■ 4 «•">«».« i. . .h£°bSTu Star's: 

by rat bob »okl», tb W. blood, dor.lop m,o olong.iod Tttl “ 

pa^ ; V fusion of gametes; ^resulting ookinete, which penetrates into the tick's 
here it encysts to an oocyst W and sporulates into numerous sporoblasts X each of which 

- *• o< - -s iu. ssrss" ,iy 
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Fig. 50. — Coceidians (continued). A-L . Life cycle of Haemogregarina stepanowi, 
parasite of the blood corpuscles of turtles ( after Reichenow , 1910): A, mature worm-like 
parasite in red blood cell of turtle; B, same in schizogony; C, one of the merozoites; this 
reinfects corpuscles; D , type of trophozoite that gives rise to gametes; E, same in schizogony; 
F, small merozoites from E\ these become female, G, and male, H, gametocytes; J, male 
gametocyte adheres to mature female gamete and gives off sperm into it; K, zygote sporu- 
lates directly into sporozoites; L , single sporozoite. Stages J-L take place in leeches by 
whose bite turtles become infected with the sporozoites. M~Q. Life cycle of the rabbit 
coccidian, Eimeria stiedae , from slide {courtesy of Dr. D. H. Wenrich): 3/, section of a bile 
passage of the rabbit, showing coceidians in the epithelium; 6-7, young trophozoites: 
£ stage of schizogony; 9, schizogony of large type cyst; 10-12 stages of formation of sperm 
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of lizards, and Lankesterella in the lining of the blood vessels of frogs pass 
through both schizogony and gamogony in the situations mentioned; but 
the sporozoites penetrate the blood corpuscles (Fig. 505) and are trans- 
mitted to new hosts by way of bloodsucking mites and leeches, in which 
however they undergo no changes. These two genera are often classed 
among the haemogregarines. Other Eimeridea are confined to a single 
host that becomes infected by eating infected feces. The typical genus is 
Eimeria (formerly called Coccidium), with numerous species inhabiting 
arthropods and all classes of vertebrates but particularly domestic birds 
and mammals, characterized by round or oval oocysts containing four 
spores each with two sporozoites (Figs. 49 R, 50 Q). Species of Eimeria 
live usually in the epithelial cells of the digestive tract, bile ducts, and 
liver, less often in other organs. In these sites all stages of the life cycle 
are passed and the oocysts are discharged with the feces. Usually the 
division of the zygote into four spores occurs after discharge outside the 
host. Eimerians cause the disease coccidiosis in mammals, with severe 
digestive symptoms, sometimes fatal, but often subsiding into a mild 
chronic condition. Best known is the liver coccidiosis of rabbits, in 
which all stages of the parasite ( Eimeria stiedae) except spore formation 
can be found in the epithelium of the bile passages (Fig. 503/, iV). 
Coccidiosis of man by species of Eimeria has been reported several 
times, but the oocysts seen in the feces apparently originated in ingested 
food. The related genus Isospora in which the oocysts contain two spores 
each with four sporozoites (Fig. 50 R) does, however, occasionally para- 
sitize the digestive tract of man and is common in cats, dogs, birds, frogs, 
and other vertebrates. 

6. Order Haemosporidia. — The Haemosporidia are intracellular 
parasites of the blood corpuscles or other parts of the blood system of 
vertebrates in which the schizogonic cycle is passed; the development of 
the gametes and sporogony occur only in a blood-sucking intermediate 
host. There are no cyst walls at any stage, and the naked sporozoites 
come directly from the zygote. The type genus is Plasmodium (includ- 
ing Laverania and Proieosoma ), causative organism of human and bird 
malaria with the following cycle (Fig. 51). The sporozoites penetrate 
red blood corpuscles where they grow as amoeboid organisms (Fig 

fi A_C) o D paSsing through a ring sta 6 e in the case of human malaria 
(*ig. 525, H ). Black pigment granule s, products of the digestion of 

blast forms a sporocyst with two sporosoites. (0-0 after Waeielew.lrt lorn i 


cyte; 5, female gametocyte 


corpuscle or tissue 
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Fig. 51. — Haemosporidia. The life cycle of a malarial parasite, Plasmodium sp., from 
the canary bird and the mosquito Culex , from slides. ( Courtesy of Dr . Clay Huff, except 
J, K, L, N after Neumann t 1909.) A. Young trophozoite in the red blood corpuscle of the 
canary bird, 8 a.m.; B, noon; C, S p.m.; D , 4 a m.; showing growth of the parasite; 

6 a.m., beginning of schizogony; F, S a.m. 24 hours after A; the merozoites set free will 
infect other corpuscles. G. The female, and H, the male gametocyte; these develop from 
stages like D. J. Male gametocyte producing sperm; K, one of the sperm. L. Fertiliza- 
tion of the female gamete. 3/. Fertilized egg or ookinete. N . Stomach of the mosquito 



THE ACELLULAR ANIMALS— PHYLUM PROTOZOA 


155 


hemoglobin, appear in their cytoplasm (Figs. 512? and 52 D, J). The 
mature schizonts undergo multiple fission into a number of merozoites 
(Figs. 512?, F and 52 D, J ) that escape by rupture of the infected corpuscle 
and enter new corpuscles, repeating the schizogonic cycle indefinitely. 
Sooner or later some of the merozoites develop into gamonts (gameto- 
cytes), distinguishable as male and female (Figs. 51 G, // and 52/?, /*’), 
and these develop no further until taken into the stomach of a mosquito. 
Here the female gamont matures into a female gametocyte or egg and 
the male gamont divides into four or eight long slender spermatozoa.' 
The latter become free (Figs. 51J, K and 52L) and one fertilizes the egg 
(Fig. 5LL). The zygote known as an ookinete (Fig. 513/) becomes 
elongated and amoeboid and works its way through the stomach wall 
until it lies under the outermost layer (Fig. 512V, 0). Its nucleus then 
multiplies (Fig. 51P, Q), the cytoplasm becomes reticulate (Fig. 51/2), 
the numerous nuclei arrange themselves on the surface of the cytoplasmic 
strands, and around each nucleus a sporozoite forms (Fig. 51S) so that 
the ripe oocyst becomes packed with bundles of sporozoites (Fig. 51 T). 
These escape by rupture of the oocyst and migrate into the salivary 
glands of the mosquito (Fig. 517) whence they are discharged into a 
vertebrate host during the act of bloodsucking. 

After infection with sporozoites through the bite of a mosquito, a 
latent period of 10 to 12 days elapses (in human malaria) before the 
parasites become sufficiently numerous in the blood to evoke the first 
attack of chills and fever characteristic of malaria. These attacks recur 
at intervals of 48 or 72 hours, corresponding to the length of the schizo- 
gonic cycle of the different species of human Plasmodium. The attack of 
chills and fever coincides with the release of merozoites into the blood 
(as the parasites are at the same stage when injected they tend to reach 
schizogony simultaneously), and seems to result from toxins discharged 
into the blood by the rupture of infected corpuscles. About a week after 
the first attack, the gamonts are seen and require 3 to 6 days to mature to 
the stage in which they are infective to mosquitoes. Ripening of the 
gametes and fertilization occur in the mosquito stomach within a few 

1 The usual account, that the spermatozoa are put out from the surface of the 

male gamont as long slender processes, appears to be incorrect according to the recent 
work of O’Roke (1930). 


A nm ! cy ? 0f blT f mala /‘? 0n ita outer surface. O T. Development of the oocysts 
«t^ a dd f d 1 th ® ° Ut f r B , urface of the stomach: O, the oScyst before nuclear division - P Q 
ol M?Lr ! e U f C i ear multl P hca t'on; R, continued nuclear division, the cytoplasm is becoming 

S i fin !f° r °t°‘ te8 ^? gln , to appear on the ed « es °f the cytoplasmic strands” the 
npe oocyst, filled with bundles of sporozoites U A single snnrqjniin rr T l ' , 
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hours. The length of the cycle in the mosquito varies from 10 to 20 
days, depending on temperature ; the development of the parasite is sup- 
pressed below 16°C. The mosquito appears to suffer no damage from 
the parasites although the stomach may be literally covered with as 
many as 30 or 40 oocysts, each releasing 1000 to 10,000 sporozoites. 

Three different species of malarial parasite, distinguished by various 
morphological details, are recognized for man. In Plasmodium vivax, 
causative organism of the ordinary benign tertian malaria, the schizogonic 
cycle occupies 48 hours, while in quartan malaria, due to P. malariae 
(Fig. 52 A—F), the cycle is 72 hours. In both species, the entire asexual 
cycle is passed in the circulating blood, the gamonts are spherical (Fig. 
52 E, F ), and the disease is seldom fatal. In the third species, P. falci- 
parum (Fig. 52 G-L), organism of malignant or tropical tertian malaria, 
the schizogonic cycle requires about 48 hours but the infected corpuscles 
tend to adhere in clumps and stick in the capillaries (Fig. 52 G) of various 
organs, in which locations most of the stages must be sought. Only the 
ring stage of the schizont (Fig. 52 H) and the gamonts, known from their 
shape as crescents (Fig. 52 K), are found in the circulating blood. Because 
the masses of infected corpuscles block the capillaries of important organs, 
this type of malaria is serious and often fatal. The schizonts at the seg- 
menting stage (Fig. 52 J) are easily distinguished from the other types of 
malaria by their much smaller size. 

All human malaria is transmitted only by mosquitoes of the genus 
Anopheles. The disease is characteristic of the warmer countries of the 
earth and corresponds in distribution to the habitat of the species of 
mosquito concerned. In the two less serious types of malaria, the 
symptoms gradually subside and the parasites apparently disappear 
although enough remain to cause sudden recurrences. The natives of 
malarial countries acquire a certain amount of immunity as a result of 
repeated infections. 

Species of Plasmodium also occur in other mammals, particularly 
apes, monkeys, bats, and small rodents and carnivores, and are likewise 
found in birds and lizards where they were formerly referred to under the 
name Proteosoma. Those of birds (Fig. 51), particularly common in the 
sparrow tribe, belong to several species of Plasmodium and are trans- 
mitted only by mosquitoes of the genus Culex or related genera. The 
asex ual cycle requires only 24 hours. As they can be grown in canary 
birds, the bird malarial parasites have furnished excellent material for 
laboratory studies of malaria. The work of Taliaferro and his associates 
on bird malaria has shown that after a great initial multiplication, the 
parasites decline sharply until they become undetectable and that this 
destruction results from the ingestion of the parasites by white blood 
jorpuscles and other types of phagocytic cells. These results indicate 
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Fig. 52— Haemosporidia (continued). A-P. Stages of human malaria Plasmodium 
mtdanae, as seen in smears of human blood: A, early stage; B, ring stage; C, beginning of 
schizogony; D, division of parasite into merozoites; note that the merozoites about fill 
the corpuscle; E, female gametocyte; P, male gametocyte. G-L. Some stages of Plas- 
modxum falciparum, agent of human malignant tertian malaria, from slides. ( Courtesy 
Dr. Milton Halpem. ,)i G capillary of the human brain filled with infected corpuscles; 
the parasite is recognized by the conspicuous black pigment granules derived from hemo- 

5 ’ St&ee m arcuJatin S blood = J ’ formation of merozoites in a brain capillary 
X* the group is much smaller than the corpuscle; K, crescentic gametocyte 

from the circulating Wood ; Z, formation of sperm from male gametocyte; this will take 

™®, ar “ the c°° ls - M. Male, and N, female gametocyte of Leuco- 
cytozoon, mmde the Wood corpuscles of the duck, from slide. (Courtesy of Dr. E. C. 0’ Roke.) 

0- T. Babesia cams (0-S after NuttaU and Smith, 1907; T after Breinland H indie 1908V 

0 the parasite in a red blood corpuscle of the dog; P-S, stages of division; T, several para^ 

sites in a blood cell. V, Haemoproteus, crescentic gametocyte in a red Wood cell of the 

pigeon 1, red Wood corpuscle; 2, the parasite; 3, pigment granules; 4, nucleus of parasite- 
5, capillary; 6, nucleus of blood corpuscle. nucleus oi paras! te. 


1 Dr. Halpem, city pathologist of New York, studied a large m 
many of them fatal, among drug addicts, who were tra nsmitting the 
themselves by using a hypodermic syringe for injecting the drug. 


imber of cases, 
disease among 
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that immunity to malaria consists in an increased activity of the phago- 
cytic elements of the body. 

Some other genera of the Haemosporidia are Haemoproteus and 
Leucocytozoon . In Haemoproteus , found in birds and reptiles, the 
schizogonic cycles are passed as in the blood cocci dians in the endo- 
thelial linings of the blood vessels and only the gamonts, called from 
their sausage shape Halteridium (Fig. 52 F) parasitize the blood cor- 
puscles. The complete cycle is known for H. columbae of pigeons and 
H. lophortyx from a California quail; gamogony and sporogony occurring 
in bloodsucking flies ( Lynchia ) are similar to those of Plasmodium. A 
similar life cycle was found by O’Roke (1934) for Leucocytozoon anatis, 
cause of a serious disease of wild and domestic ducks. The schizogonic 
stages inhabit the endothelial cells of capillaries in the lungs, liver, and 
spleen, and only the garnet ocytes (Fig. 52 M, N ) are seen in the circulat- 
ing blood, where they appear as oval bodies in the much altered red 
blood corpuscles. The cycle is completed in black flies ( Simulium ) where 
formation of gametes, fertilization, encystment of ookinetes in the 
stomach wall, and production of sporozoites occur as in Plasmodium. 
The utilization of general endothelial tissue by these parasites and the 
recent finding (Huff and Bloom, 1935; Kikerth and Mudrow, 1938) that 
bird Plasmodium can parasitize endothelial linings of various organs and 
all types of blood and blood-forming cells indicate that primitively the 
Haemosporidia inhabited various types of cells and the present limitation 
of some to red blood corpuscles is a specialized characteristic. Relation 
to blood coceidians is also evidenced by these facts. 

6. The Piroplasmoses. — These are diseases, often serious, of domestic 
mammals, particularly horses and cattle, caused by blood parasites that 
seem to belong to the Haemosporidia. The parasites are exceedingly 
minute oval or pyriform organisms found inside the red blood corpuscles 
where they multiply by longitudinal binary fission (Fig. 52 O-T). They 
are transmitted only by ticks of the family Ixodidae [genera Bodphilus 
(= Margaropus ), Ixodes , Dermacentor , Rhipicephalus y Hyalomma , Haemo- 
physalis J as was first shown in 1893 in a famous investigation 
of Texas cattle fever by two .American workers, T. Smith and F. 
L. Kilbourne. This was also the first demonstration of the trans- 
mission of a protozoan disease by a bloodsucking arthropod. The 
disease of piroplasmosis is characterized by fever, anemia, jaundice, and 
bloody urine (“red water”). The organisms concerned are usually 
grouped into two families: the Babesiidae, including the genera Babesia 
(= Piroplasma ) and Nuttallia, and the Theileriidae, for Theileria. The 
complete life cycle of a Babesia has been described only for B. bigemina, 
causative agent of Texas cattle fever, by Dennis (1932). The organisms 
in the red blood cells of cattle are apparently gametocytes. In the tick’s 
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stomach, these alter to vermiform isogametes and fuse in couples to a 
motile ookinete, which works its way into the developing eggs in the 
ovary of the tick ( Margaropus annulatus). Inside an egg, the ookinete 
encysts to an oocyst, within which multiple fission occurs into amoeboid 
sporoblasts. These wander throughout the developing embryo and at 
the time of hatching of the young tick or later sporulate into numerous 
sporozoites that infect the salivary glands and are injected into the 
mammalian host by the tick's bite. However, Regandanz and Reiche- 
now (1931) were unable to find any stages except simple binary fission 
in either dog or tick in Babesia canis . transmitted by Dermacentor , and 
believe the babesias are rhizopods, and Reichenow (1935) thinks Dennis 
is in error, having confused stages of two different parasites. But 
Ivanic (1937) has reported typical schizogony like that of the malarial 
parasites in the spleen of horses infected with Babesia caballi . It is 
probable that the babesias are Haemosporidia. In Theileria this has been 
definitely established. Details have been worked out by Cowdry and 
associates (1932, 1933) for a cattle theileriosis of Africa, termed East 
Coast fever, caused by Theilena parva and transmitted by the tick 
Rhipicephalus; and by Sergeant and asssociates (1936) for another 
cattle disease of the Mediterranean region caused by T. dispar trans- 
mitted by ticks of the genus Hyalomma. Schizogony occurs in the cells 
of the reticulo-endothelial system. The round, oval, or elliptical para- 
sites in the red blood corpuscles are gametocytes. When ingested by 
the tick, these invade the epithelial cells of the gut, where later forms 
believed to be zygotes are seen. These zygotes migrate to the salivary 
glands where they become sporonts, giving rise to a number of sporo- 

blasts, each of which sporulates into numerous sporozoites. There are 
still many gaps in these accounts. 


Minute bodies termed Anaplasma , apparently consisting entirely of 
chromatin, have been seen in the red blood cells of cattle and other 
animals and are believed by some to be related to the piroplasms. Ana- 
plasma seem to be transmitted by ticks and bloodsucking fiies. 

7. Subclass Cnidosporidia and Order Myxosporidia. — The Cnido* 
sporidia include all sporozoans in which the spores contain polar capsules 

^jr?*** nemat0Cysts ' enclosin g a spirally coiled thread 
(*ig. 53 A, G) that under the action of digestive juices discharges by 

turning mside out and fastens the spore to the walls of the digestive 
ract. The spores hatch into amoeboid young that early begin to pro- 
duce spores in their interior. The group is divided into the three orders 

Myxospondia, Actinomyxidia, and Microsporidia 

Sa lt?ato y ^ POrid i a t P ! r r,! iM almOSt '"“"‘J- S’*. and 

whVh .7 mh “ b b ° Uow organs ' M the e"* 11 aD l urinary bladders 
m which case they are activelv amnnUi . i- • . ’ 
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Fig. 53. — Myxosporidia. A. A myxosporidian spore, of LepMheca. B. Trophosoite 
of Leptotheca . C. Trophosoite of Ceratomyxa . D. Trophosoite and E % spore, of Myxidium - 
F. Section of fish gill showing cyst of Henneguya containing spores; G. one of the spores of 
Henneguya enlarged. H. Myzobolus in the muscles of a fish. /. Spore of Ceratomyxa. 
(A. F, G, From slide*, courtesy of Dr. D. H. W enrich; B-E , J, after Dari*, 1917; Rafter 
Keyesdxtz, 1908.) K-P. Process of spore formation in Ceratomyxa drepanopsettae (after 
Awerinzew , 1908) : K, pansporoblast has divided into two large and two small cells; L, 
each large cell has fused with a small cell to form a sygote; two vegetative nuclei are seen; 






THE ACELLULAR ANIMALS — PHYLUM PROTOZOA 


161 


tissue or among the cells of the gills, kidneys, liver, spleen, etc., where 
they either soon become encysted by layers of host tissue or spread 
diffusely, even dividing into fragments. They are mostly harmless to 
the host but may cause damaging tumor-like masses (Fig. 53 F). The 
spore hatches into a single uninucleate amoeboid young (really a zygote) 
that soon becomes multinucleate, possibly multiplying by fission or 
plasmotomy; but in the majority of species spore formation constitutes 
the sole mode of reproduction. Each spore is enclosed in a shell made of 
two valves (Fig. 53A) and consists of one, two, or four, usually two, polar 


capsules and one or two amoeboid masses, termed sporoplasm, that are 
gametes before they fuse (Fig. 53 A), a zygote after fusion (Fig. 53 G, J). 
The spores are of various shapes (Fig. 53A, G, J , E) and may have long 
processes said to assist floating. Each parasite produces two to many 
spores, often beginning while immature and continuing throughout its 
growth. The process of spore formation is complex and in the best 
known cases proceeds as follows: It begins by an endogenous budding in 
which a nucleus is cut off with a bit of cytoplasm in the interior of the 


parasite. This cell, called the pansporoblast, divides into two large and 
two small cells. The two small cells take no direct part in spore forma- 
tion. In Myxobolus , the two large cells divide until each produces a 
group of six cells or nuclei; but in Ceratomyxa , each divides so that two 
large and two small cells, really anisogametes, result (Fig. 53 K). These 
fuse in pairs to zygotes (Fig. 53L), and each zygote divides into a group of 
six cells (Fig. 53JV). The subsequent history is the same for both genera. 
In each group of six, two cells become valve cells, forming the valves 
of the spore, two become polar capsules, and the remaining two are 
isogametes that sooner or later fuse to form the amoeboid zygote or 
sporoplasm (Fig. 530, P). Thus commonly each pansporoblast gives 

nse to two spores. The fertilization is seen to be a paedogamous 
autogamy. 


A few common genera are illustrated in Fig. 53. Leptotheca (Fig. 

53B) with elongated pseudopodia at one end occurs chiefly in the body 

cavity of fish and has rounded spores (Fig. 53.4). Ceratomyxa (Fig 

53C) with many species in the gall bladder of fish produces transversely 

elongated spores (Fig. 53/), generally two. Myxidium (Fig. 53 D) L 

abundant in the gall and urinary bladders and kidneys of fish, sometimes 

reptiles ; the spores (Fig. 53 E) have the polar capsules pointed in opposite 

directions Henneguya, mostly in fresh-water fish, may form tumor-like 
swellings (Fig. 53 F), which become fill^ — 


valves; 6, large gamete; 7, small ° r 5 * ®y ture line of the two 
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o3G). Myxobolus (Fig. 53//). widespread in fresh-water fish, dwells in 

any of the solid organs or tissues, there encysting to form large swellings, 

which may damage or kill the host and which contain numerous oval 
spores with one or two polar capsules. 

8. Order Actinomy xidia. This is a small, little-known group, inhab- 
itants of the coelom or digestive tract of fresh-water oligochaetes and 
marine sipunculids. The spores (Fig. 544) are three-rayed, composed of 
three valves often with long tails, three polar capsules, and one to many 
amoeboid young or a multinueleate mass. The uninucleate young 
escaping from the spore (Fig. 5TB) associate in couples (Fig. 54C) and 
eventually one gives rise to eight small and the other to eight large 
gametes (Fig. o4Z)). These anisogametes fuse in pairs, and each zygote 
divides to seven nuclei or cells (Fig. 54F)- Of the seven, three give rise 
to polar capsules, three to the valves, and the seventh undergoes division 
to a multinueleate mass (Fig. 54F) that eventually forms 24 sporozoites 
(Fig. o40). Thus each cyst (Fig. 54D) comes to contain eight spores 
(Fig. d4 H). which unfold as at Fig. 54.1 on escape. The foregoing is the 
account of Mackinnon and Adam (1924) for T riactinomyxon found in 
Tubifex. Other genera are T etradinomyxon and Hexactinomyxon. 

9. Order Microsporidia. — These are intracellular parasites of various 
organs and tissues of arthropods and fishes, less often of other groups. 
The minute spores (Fig. 54V, O), of simple form and structure, contain 
a long coiled thread, representing a polar capsule of which the wall is 
missing. The amoeboid young penetrate host cells and there undergo 
binary or multiple fission into offspring that often adhere in chains. 
Certain of the parasites become pansporoblasts producing one to a 
number of spores, but the details of the process have not been well worked 
out owing to the minute size of all stages. The most important members 
are Xosema bornbycis, causative organism of the pebrine disease of silk- 
worms, and -V. apis, probably agent of disease in bees (Fig. 543/, iY). 
They inhabit the epithelium of the digestive tract. The silkworm disease 
was investigated in 1S65 by Pasteur, sent by the French government to 
combat the ravages of the malady in the silk-growing districts of southern 
France and adjacent countries. He discovered the “corpuscles” 
(spores) and correctly interpreted them as the agents by which the disease 
was spread although he never understood the true nature of the parasite. 
Species of Glugea produce large cysts in the tissues of fresh-water fish 
and other vertebrates. Thelohania infests mostly arthropods as a minute 
intracellular parasite. Mrazekia parasitizes chiefly the coelomic cells 
of fresh-water oligochaetes and the fat body of aquatic insects and has 
elongated spores (Fig. 540) with a long thread attached to a rod-like base. 

10. Subclass Sarcosporidia. — These parasites inhabit the muscles 
or connective tissue of mammals, and, less often, birds and reptiles. 
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The life history and mode of transmission are unknown. The chief 

genus, Sarcocystis, parasitizes the muscles where the young parasite 

(Fig. 54/) develops into a large (up to 5 cm.) cyst (Fig. 54JT) called a 

sarcocyst, made of many chambers of which the peripheral ones are 

filled with crescentic spores (Fig. 54L). The apparently related genus 

Ghbidium, recently placed by Babudieri (1932) in a new suborder Globidia 

of the Sarcosporidia, gives rise to similar cysts filled with fusiform spores, 

situated in the submueosa of the digestive tract. Sarcocystis produces 

a toxin, resembling a bacterial toxin, which is fatal when injected into 

small mammals such as mice and guinea pigs, but the parasite does not 

seem to be very harmful to its hosts. Sarcocysts sometimes occur in 
man. 

11. Subclass Haplosporidia. — This group is an artificial assemblage 
of entoparasitic spore-producing forms that are not assignable to other 
groups of Sporozoa. One of them, Rhinosporidium, associated with 
nasal polypi in man, has turned out to be a fungus. The typical forms 
inhabit the body cavity or cells of various invertebrates, particularly 
annelids, as uninucleate or multinucleate amoeboid org anisms The 
uninucleate forms develop into multinucleate plasmodia, which in the 
cases best studied divide up into uninucleate masses. These give rise 
to one to several spores. The spores are mostly simple, oval, sometimes 
with tails, and open by a lid. 

vn. CLASS CILIATA 

1. Definition. — The Ciliata are distinguished from all other Protozoa 
by the possession throughout life of cilia as locomotor and food-catching 
organelles; and (except in the Protoeiliata and a few Euciliata) by the 
presence of two kinds of nuclei, somatic and generative. 

2. General Morphology. — The Ciliata resemble the Flagellata in 
their definite permanent shape, maintained by a gelatinized ectoplasm, 
anteroposterior differentiation, and symmetry, sometimes radial, usually 
bilateral, often irregularly so. They are the most specialized Protozoa 
in many ways, such as the elaboration of food-catching mechanisms, 
pellicular differentiations, and the development of myonemes, neuro- 
fibrils, and other fibrillar elements. They are mostly solitary free-swim- 
ming organisms, but some are temporarily or permanently sessile and 
may form branching treelike colonies, and a number of ecto- and ento- 
parasites and commensals occur in the class. Some of the sessile forms 
secrete gelatinous or tectinous cases, of which the best examples are the 

vaselike cases of the Tintinnidae. 

Ectoplasm and entoplasm are distinct, and the former is often highly 
differentiated into the pellicle and underlying layers. The pellicle 
in the majority of ciliates is marked by longitudinal or diagonal lines or 
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grooves, which are the places of attachmer^ of the ciliary rows (Figs. 
55 E, 61, 62, and 63). In some forms notably Paramecium (Figs. 
IB, C, and 55A), the pellicle has a pattern of depressed hexagons, squares, 
or rhomboids bounded by ridges; there are one or two cilia in the center 
of each depressed area, and the trichocysts open on the ridges. Beneath 
the pellicle lies the so-called alveolar layer, which contains the basal 
bodies of the cilia and their connections, myonemes when these are 
present, plates of armor in a few forms like Coleps (Fig. ID), the Ophry- 
oscolecidae (Fig. IE), and the Cycloposthiidae (Fig. 645), and the 
trichocysts and tectin-secreting granules. The innermost or cortical 
layer is not distinctly marked off from the entoplasm; it contains the 
contractile vacuoles. 

The trichocysts, characteristic of the holotrichous eiliates, are minute 
rods or ovals arranged at right angles to the body surface. They may 
be evenly distributed throughout the surface, as in Frontonia (Fig. 6) and 
Paramecium (Fig. 57 C), or limited to a special region as the anterior end 
(Dileptus, Fig. 8) or mouth region ( Didinium , Fig. 575), or sometimes 
occur in little groups (Loxophyllum , Fig. 56J). In many Holotricha, 
granules or rods that are not typical trichocysts, and hence are called 
protrichocysts, are present in the pellicle and seem to be concerned in the 
production of tectin. The typical trichocysts, on mechanical or chemical 
stimulation, discharge through pores in the pellicle into elongate fila- 
ments (Fig. 56x4., G), described by some as of elaborate construction. 
They are of two general kinds, cnidotrichocysts and ordinary trichocysts. 
The former, as in Prorodon, have the structure of a nematocyst (Fig. 
565), consisting of a fine tube coiled inside a capsule. On discharge, the 
tube turns inside out (Fig. 56 E), and a material may be shot out through 
the tube to form the endpiece. The more co mm on type of triehocyst, 
such as that of Paramecium, has a solid construction, and its mechanism 
of discharge is not understood. Kruger (1930) has postulated that the 
undischarged triehocyst (Fig. 56 B) contains a highly absorptive layer 
that on discharge swells greatly, causing the elongation (Fig. 56C). 
According to the much-quoted work of Tonniges (1914) on Frontonia, 
the trichocysts originate from the nucleus, but this view seems improt> 
able, and Chatton (1931) states that they grow out from the basal 
bodies of the cilia. The function of the trichocysts is uncertain. In 
some eiliates, such as Dileptus (Fig. 8), they are employed in the capture 
of prey and apparently secrete a toxic material, but in most eiliates 
their role is obscure. Mast (1909) suggests that they are discharged 
to ward off enemies, since he observed that Paramecium when attacked 
by Didinium emits a cloud of trichocysts, which push the Didinium away 
and may force it to detach. However, unless the Didinium is much 
smaller than the Paramecium, it often retains its hold and devours the 
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Fio. 55.— Ciliate structure. .4. View of a small area of the surface of Paramecium 
{after E. E. Lund , 1935), to show the hexagonal depressions, tricho cysts, and intercihary 
lines. B . Cross section through the cvtopharynx of Paramecium (after Gelei, 1934), show- 
ing ciliation of the pharynx. C. Stylonychia, from life, side view, showing manner of use o! 
cirri D. Membranelles of Sienlor , with fibrillar attachments. (After Gdei , ^ 
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latter despite the discharge of triehocysts. The most sensible suggestion 
is that of Saunders (1925) that locally discharged triehocysts serve to 
anchor the ciliate while feeding on bacteria. This links the triehocysts 
to tectin secretion, and probably triehocysts are the final stage in the 
evolution of the tectin-secreting mechanism. 

The cilia are short filaments that spring from the basal bodies in the 
ectoplasm and pierce the pellicle to the exterior. They commonly occur 
in longitudinal or diagonal rows and have the same structure and mech- 
anism of movement as flagella, from which they differ in their shorter 
length, greater numbers, and lack of relation of the basal bodies to 
mitotic division. The cilia may clothe the entire surface or may be 
limited to special regions. They may be compounded into complex 
structures, such as undulating membranes, membranelles, and cirri. 
Undulating membranes, located in the cytopharynx, consist of one to 
several rows of cilia adhering sidewise into a delicate membrane whose 
wave-like undulations help propel food into the cytopharynx (Fig. 610). 
In some ciliates the membrane can be greatly protruded (Figs. 57 D and 
61P) and acts like a scoop in capturing prey. Membranelles (Fig. 55 D) 
are triangular plates composed of two or more rows of cilia fused together 
and are said to be anchored in the ectoplasm by a complicated array of 
fibrils (Fig. 55 D) attached to their basal bodies. In the Spirotricha and 
Peritricha a row of membranelles called the adoral zone encircles the 
peristome and passes down into the cytopharynx (Figs. 62, 63, 64, and 
65). Cirri, characteristic of the Hypotrieha, are large stiff bristles 
composed of a fused tuft of cilia, are movable in all directions, and are 
used like legs in crawling (Fig. 5 50 . The compound nature of all these 
structures is proved by the numerous basal bodies that underlie them, 
one for each cilium, and by the fact that they fray out into ordinary 
cilia (Fig. 56 F) under mechanical or chemical manipulation. Besides the 
ordinary locomotor cilia, many ciliates possess stiff motionless cilia, 
which are probably sensory (Fig. 13D) and are said to have special 
fibrils and granules at their bases. 


An elaborate system of fibrils, termed the neuromotor system (Figs. 
13.4, B, C, 56 H, and 64.4) and connecting the basal bodies of the cilia, 
has been described for a large number of ciliates. It consists chiefly of 
the inter ciliary fibrils— longitudinal fibrils that connect the basal bodies 
of the cilia in each longitudinal row, run in the ectoplasm parallel to the 
surface, and also extend down the cytopharynx (Fig. 13C). In some 
forms (Figs. 13A and 56 H), additional fibrils, the interstrial fibrils, are 
found halfway between the interciliary fibrils, and trans verse connectives 

r r- - After Gdei ; 1926 -) 1 .Milium ; 2. trichocyst; 3. interediaryfibhh 

4, basal body of cdium; a macronucleus; 6, penmculus; 7. other special cilia of cytopharynx- 
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Fig. 66. — Ciliate structure. A Discharged trichocysts of Frontonia. ( After Tonniges , 
1914.) B. Diagram of undischarged and, C, of discharged trichocysts of Paramecium. 
( After Kruger, 1930.) D. Diagram of undischarged and, E, discharged cnido trichocysts of 
Prorodon. (After Kruger , 1936.) F. Cirrus, intact, and same, raveled into cilia by acid, of 
Euplotes, from life. G. Paramecium after discharge of the trichocysts by acetic acid, from 
life. H . Silver-line system of Colpidium. (After Klein , 1927.) J. Loxophyllum mdeagris , 
from life, having part of its trichocysts in bundles. 1, swelling substance; 2, tube; 3, end 


piece; 4, trichocysts; 5, nucleus. 
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may also occur. This fibrillar system may connect with a body, the 
motorium, situated near the cytopharynx (Figs. 13.4, 5, C, and 64.4). 
Frequently, additional fibrils extend inward from the cytopharynx 
(Figs. 13C and 645) and may act as anchorage. In the Hypotricha 
(Fig. 135) fibrils radiate from each cirrus base, but these do not connect 
with the motorium and are probably not nervous. It is probable that 
at least some of the fibrils of the neuromotor system are conductile and 
serve to coordinate ciliary activities (further, page 64); but others are 
presumably of a supporting nature. A network of fibrils in the ectoplasm 
nearer the surface than the ciliary fibrils has also been seen in a number 
of ciliates and is of uncertain function. 

In recent years, Klein, a German investigator, has applied a dry- 
silver method to ciliates and obtains a picture of black networks and 
lines which he calls the silver-line system (Fig. 56#). This system appears 
to be a conglomeration of the pellicular markings, ectoplasmic networks, 
and neuromotor system. 

Myonemes occur in the ectoplasm of many ciliates, especially members 
of the orders Spirotricha and Peritricha as Stentor (Fig. 62 5) Spiros - 
tomum (Fig. 63C), Yorticella (Fig. 655), etc. They are usually longi- 
tudinal fibrils, sometimes cross-striated, which run lengthwise the body 
beneath or near the grooves or lines to which the cilia are attached (Fig. 
555) so that when contraction occurs, these lines appear very’ distinct 
(Figs. 62F and 635). In vorticellids the longitudinal myonemes converge 
at the base of the bell to form the spiral myoneme of the stalk (Fig. 655). 
This myoneme of the vorticellid stalk is the largest and best developed 
myoneme of Protozoa and has been much studied. The peristome may 
be provided with circular myonemes. The myonemes serve primarily 
to contract the a nim al and close up the peristome as a protective measure. 

The ciliates are almost wholly holozoic and exhibit the greatest 
elaboration of food-catching apparatus found among the Protozoa. In 
their feeding habits, the ciliates fall into two groups, the raptorial and 
the current-producing types ( Schlinger and Strudler of German writers). 
The raptorial forms hunt and ingest large prey, often larger than them- 



currents. The morphology of the food-catching apparatus therefore 
follows two lines of development. Primitively the mouth is a mere 
opening at the anterior end. In the raptorial forms it generally retains 
this position as in Coleps (Fig. 75), or in Didinium (Fig. 575) /where it 
is mounted on a projecting proboscis. In both these forms the mouth 
can be opened as wide as the body diameter. Didinium attacks other 
ciliates, especially Paramecium , by fastening the proboscis tip to them 
and then gradually engulfing them. In many raptorial ciliates the food- 
ingesting passage is strengthened by a circlet of trichites forming the 
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the particle* brought by the current. The peristome may be depressed 
as an oral groove (Fig. 57 C) or elevated as a disk (Fig. 65B, J). Its 
cilia are often longer and more powerful than those elsewhere and may be 

modified into mcmbraneUes (Figs. 62 E, G, 63, and 65), which, encircling 

the peristome one to several times, produce a powerful current. In 
most of these forms a funnel-like cytopharynx (Figs. 57C and 62F) 
extends from the peristome down into the entoplasm, and an additional 
ca\itv, the vestibule (Fig. 65J), may be interpolated between peristome 
and cytopharynx The cytopharynx has often either special ciliary 
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tracts (Fig. 55 B) or undulating membranes (Figs. 57 D, 610, P) for 
wafting the food into its base. The food is whirled about in the cyto- 
pharynx by such arrangements, small particles such as bacteria are 
condensed into a ball, and these balls pass from the bottom of the cyto- 
phaiynx into the entoplasm. In the entoplasm, the food vacuoles 
follow a definite circuit, interpreted to indicate a slow circulation or 
cyclosis of the entoplasm. Digestion was already described (page 61). 
Undigested material is generally ejected at a definite point, the cytopyge 
(Fig. 57 C), which opens into the cytopharynx or vestibule in the Peri- 
tricha and to which in some parasitic ciliates (Fig. 64D) a canal leads. 
Ciliates can absorb dissolved nutrients or feed on nonliving material 
(page 59). 

Contractile vacuoles are present throughout the ciliates, varying in 
different species from one to many, occupying fixed positions in the inner- 
most layer of the ectoplasm. Probably a single posterior vacuole 
represents the primitive condition. In some ciliates, as Frontonia (Fig. 
6), Paramecium (Fig. 57 C), Urocentrum (Fig. 61G) and others, several 
long canals encircle the vacuole and at their distal ends collect fluid from 
special entoplasmic regions. In other cases, as Stentor (Fig. 62 E), 
Spirostomum (Fig. 63C) and Bursaria (Fig. 63B), one very long canal 
leads to the vacuole, and in many ciliates there are no such feeding 
channels. Probably the vacuole is never a permanent structure but is 
formed anew after each contraction by the fusion of small vacuoles 
that arise in the surrounding entoplasm or are emitted from the proximal 
ends of the feeding canals. In the Peritricha the vacuole empties into 
the vestibule, in some cases with the interpolation of a reservoir (Fig. 
65L). Each vacuole discharges by a more or less permanent pore through 
the pellicle, to which an excretory tubule may lead. The Ophryos- 
colecidae and Cycloposthiidae have highly developed vacuoles, often 
with tubules that may be encircled by a myoneme (Fig. 64C). 

The entoplasm is fluid and granular, vacuolated in some forms, and 

contains the food vacuoles, food reserves mostly in the form of glycogen 

and fat, and the nuclei. In a number of species the entoplasm is filled 

with zoochlorellae, whose role has been especially studied in the green 

Paramecium, P. bursaria (Fig. 20). According to the work of Parker 

(1926) and Pringsheim (1928) this animal can live and multiply in the 

light without food in a medium containing the necessary salts, being 

supplied with food manufactured by its zoochlorellae. If deprived of its 

zoochlorellae or kept in the dark it dies under such conditions. It 

feeds like other species of Paramecium on bacteria, yeasts, etc., when 
these are available. 

In the majority of ciliates, two kinds of nuclei occur: the macronucleus 
(or meganucleus) of somatic functions, and the micronucleus, or generative 
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nucleus. The macronucleus is usually large, usually single, of the massive 
type, and of various shapes-round, oval, elongated, moniliform or 
horseshoe-like (Figs. 62E, 63C. and 655). In some forms, as Dil^uL 
a riser ( ig. 8), there are many macronuclei and micronuclei The 
micronuclei are minute and usually vesicular and vary from one to over 
eight}- m number. Removal of the micronucleus (Taylor, 1923) of 
Euplotes resulted in cessation of fission and death but in several species 
mutant races devoid of a micronucleus have been found. These live 
and divide normally but are incapable of conjugation or endomixis 
e\idenee that the macronucleus suffices for ordinary metabolism, while 
the micronucleus is essential for sexual processes. 

3. Asexual Reproduction. Asexual reproduction occurs almost 
exclusively by binary fission, transverse in most forms, longitudinal 
in the Peritricha (Fig. 65 C-E). The process is initiated by the micro 
nuclei, which all divide by a modified eumitotic method, with or without 
polar caps (Fig. 57 E). Each micronucleus draws apart into two halves 
connected for some time by a desmose, and spindle fibers and chromo- 
somes are more or less evident during the division. The macronucleus 
divides by a simple amitosis, first condensing into an oval shape in eases 
where it is ordinarily of unusual or elongated form. As the nuclei pull 
apart, a cytosomal constriction forms and, deepening, cuts the animal 
into two halves. Usually each half retains such old organelles as fell 
within its limits and regenerates the others, often at the beginning of 
fission. Thus the new mouth, cytopharynx, adoral zone, etc., commonly 
appear in the posterior fission product before fission is completed and 
often seem to arise by a budding process from the old structures. In 
many cases, however, there is an extensive dissolution of old organelles 
and both offspring form new ones at the onset of fission (Fig. 17 E). 
Some ciliates divide only in the encysted state (Figs. 175 and 61Af). 

4. Encystment. — Encystment, described in detail on page 69, is 
widespread among the fresh-water ciliates. The ordinary resistant cyst 
not only enables the protozoan to endure unfavorable conditions, par- 
ticularly drying, but also furnishes a condition in which dispersal by 
winds, animals, etc., is readily accomplished. Ciliates may also undergo 
encystment for fission or digestion of large food objects or apparently 
for nuclear reorganization. Some, as Paramecium, very rarely, if ever, 
encyst. Probably the reorganization and regeneration processes involved 
in encystment and excystment accomplish a certain amount of rejuvenes- 
cence and renewal of vitality. 

5. Sexual Reproduction. — Except in the Protociliata, the sexual proc- 
ess in ciliates takes a peculiar form known as conjugation (Fig. 58). 
The ciliates become sticky and adhere in couples by the mouth region 
where actual protoplasmic fusion occurs. This connection endures for 
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a number of hours, during which nuclear changes ensue. The macro- 
nucleus may break up into fragments that gradually disappear while 
the following changes are in progress or may not disintegrate until 
afterward. The micronuclei, which play the important role in conjuga- 
tion, all divide twice, and these divisions probably correspond to the 
maturation divisions of metazoan germ cells, involving a reduction of 
chromosomes. All the micronuclei disappear except one in each con- 
jugant (Fig. 5 8E). This one divides in two and one of its offspring 
becomes the stationary or female micronucleus while the other is the 
wandering or male micronucleus. The latter from each conjugant crosses 
the protoplasmic bridge into the other conjugant (Fig. 58 G, J ) where it 
fuses with the female micronucleus to a synkaryon. The essential 
feature of conjugation is thus an exchange of micronuclear material and 
a nuclear fusion. The synkaryon now divides a variable number of 
tim es in different species, usually once, twice, or three times, in Bursaria 
and Dileptus many times. Of the products, some remain micronuclei 
and others develop into macronuclei so that at conjugation the macro- 
nuclei are formed anew from micronuclei. The two conjugants now 
separate, being then known as exconjugants, and by appropriate divisions, 
the nuclear condition typical of the species is restored. Thus the syn- 
karyon may divide only once, and the two nuclei may become the single 
macronucleus and micronucleus of the animal so that the normal condi- 
tion is reached without further change. Or the synkaryon may divide 
twice, and two of the products may become macronuclei and two micro- 
nuclei. Then, by a cytoplasmic division without nuclear division, each 
daughter cell is left with a normal single macro- and micronucleus, as in 
Paramecium bursaria; or, if the species has normally two micronuclei, as 
in P. aurelia, the micronuclei divide while the macronuclei do not, and 
each daughter cell then receives one macronucleus and two micronuclei. 
In P. caudatum, the synkaryon divides three times to produce eight 
micronuclei, four of which become macronuclei; and two successive 
cytosomal divisions without nuclear divisions ensue, resulting in four 
animals, each with the normal single macro- and micronucleus. Various 
other possibilities are realized in other species. In forms with numerous 
macro- and micronuclei, these in the exconjugants continue to multiply 
without cytosomal divisions until the normal condition is restored. 

The foregoing account is typical of most ciliate conjugation. The 
conjugants are usually indistinguishable from the normal forms, but in 
some cases, as Leucophrys and Prorodon, the conjugants are noticeably 
smaller than the regular population, and presumably arise through some 
special fissions just before conjugation. More striking are the conditions 
in the parasitic Ophryoscolecidae (Fig. 59) where by a regular unequal 
progamous fission, the last one before conjugation, a large macroconjugant 
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and a small microcan jugant, differing also in morphological details, are 
produced. In these forms, also, the wandering micronueleus has a 
sperm-like shape. At the end of such a series is the anisogamous con- 
jugation of the Peritricha, which may be an adaptation to the sessile 
mode of life. Here some of the ordinary attached individuals serve as 
macroconjugants while others by two or more rapidly succeeding fissions 
give rise to small swimming microconjugants. One of these attaches 
itself to the side of an ordinary vorticellid (Fig. 65 F), and the usual micro- 
nuclear behavior and exchange occur; in the case of the microconjugant 
the final micronuclei result from a fourth instead of a third division. 
The small remnant of the microconjugant left 
after conjugation dies. 

The frequency of conjugation varies greatly 
in different species of ciliates and different races 
and clones of the same species. In some it may 
occur every few weeks or even at intervals of a 
few days, whereas other ciliates very seldom, if 
ever, conjugate. In races or stocks of Para- 
mecium that are prone to conjugate, conjugation 
can be induced by starvation following rich 

feeding (Jennings, 1910; Hopkins, 1921; Giese, Fig. 59.— Conjugation in 
1935), by placing large numbers in a small dish ^ yp^-oscoiecid , Opistho- 

in fresh medium (Sonnebom, 1936), and by the Iwing ° unequal* sixe^of 
addition of certain salts, notably ferric and con i u gants. 
al umin um chlorides (Zweibaum, 1912) ; and it seems in general to ensue 
after a period of rapid fission. Other races or stocks of Paramecium 
cannot be induced to conjugate by any of the known methods, or they 
very seldom respond. Induction of conjugation is easier the shorter the 
time since the last endomixis (see below). If a considerable time has 
elapsed since this event, conjugation will not occur until after the next 
endomixis. Increased oxygen consumption and decline of glycogen 
during conjugation was reported by Zweibaum (1921, 1922) for Para- 
mecium. Conjugation accomplishes the same result as fertilization, i.e., 
the mixture of nuclear materials from two individuals with the creation 
thereby of new hereditary combinations and possibilities. Other possible 

effects of conjugation have been the subject of endless argument (see 
below) . 

Sonneborn (1938) and Jen n i n gs (1939) have shown for several species 
of Paramecium that conjugation will occur only between individuals that 
differ in some unknown way. Members of the same clone will not 

micronudei. /. Stage in the conjugation of Paramecium {after Landis, 1925), showing 

exchange oi micronuclei at oral connection, and breaking up of macronudei into vermiform 

fragments. 1, micronudeus; 2, macronudeus; 3, wandering micronudeus; 4, stationary 
micronudeus ; 5, synkaryon. ’ * J 
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conjugate together; members of different clones may or may not. By 
mak i n g conjugation tests it is found that a species consists of several 
mating types that can be classified into groups. The mating types 
within each group will conjugate with each other but not with the types 
of another group. When animals of different mating types within the 
same group are mixed, the a n i m als agglutinate in clumps and then mem- 
bers from the two types conjugate. Each group of mating types has 
characteristic conditions of temperature and time of day when con- 
jugation occurs, and usually some time must have elapsed since the last 
conjugation. Further investigation along these lines may lead to an 
understanding of the original nature of sexual differences. 

6. Endomixis.— In 1914, Woodruff and Er dmann announced the 
discovery in Paramecium aurelia of a regularly recurring nuclear reor- 
ganization that they termed endomixis. The nuclear changes in endo- 
mixis strongly resemble those in conjugation, but a nuclear fusion appears 
to be lacking. The macronucleus fragments and dissolves. The 
micronuclei divide several times; most of the products disappear, and 
the remaining ones reconstitute new micronuclei and macronuclei that 
are distributed bv means of fission until the normal condition is attained. 


The process was found to occur every 25 to 35 days and to be accompanied 
by a decline in fission rate and an increased volume, opacity, viscidity, 
and sluggishness of the animal, a state usually called depression, and 
previously seen by other workers. As in the case of conjugation the 
endomictic interval varies in different stocks and under different condi- 
tions. The interval is not so regular as originally supposed and may 
vary in P. aurelia from 4 to 129 days. Conjugation delays endomixis 
but rise of temperature favors it (Sonnebom). The occurrence of 
endomixis during free life has been verified for some other species of 
Paramecium , but in most forms studied, as Didinium , Spathidium, 
Uroleptus , Dileptus , Stylonychia , the process takes place only in the 
encysted state, in which indeed nuclear reorganizations have long been 
known. In some ciliates endomixis is certainly absent, and no such 
changes have been observed in such flagellates and rhizopods as have 
been subjected to continuous cultivation over long periods. This lack 
of universality of the process renders doubtful the obvious interpretation 
that in ciliates the macronucleus wears out through the vicissitudes of 

ordinary life and must be replaced at intervals. 

Differ (1936) has been unable to verify the account of Woodruff and 
Erdmann of the nuclear changes in endomixis and believes they have 
confused two processes, autogamy and hemimixis . In autogamy the 
micronuclei divide as in conjugation to form eight or more, of which 
two fuse to a synkaryon; the macronucleus degenerates and new macro- 
and micronuclei arise from the divisions of the synkaryon. In hemimixis 
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the macronucleus undergoes degenerative changes, giving off chromatin 
balls into the cytoplasm or breaking up into fragments; how a new 
macronucleus forms is not explained in Diller's account. 

7. Life Cycles and the Physiological Significance of Conjugation 
and Bndomixis. — The question whether Protozoa can continue to mul- 
tiply indefinitely by binary fission without decline of health or vitality 
has been the object of intensive research for more than 50 years. Because 
of their commonness and ease of cultivation, ciliates have been most 
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f' 15 } 17 ** variations m fission rate are probably the result of fluctuations in 

cultural conditions, except possibly the association of low fission rate with endomixia. 

employed as material ; clones are grown on depression slides and fission prod- 
iicte transferred at intervals to fresh slides. The early work of Maupas 
and R. Hertwig abroad, and of Calkins in this country, in which a variety 
of abate speaes were used, lead to the result that after a certain number 
of asexual generations, a clone declines in vitality and fission rate shows 

an U f h S^ appearance, and finally dies out. These workers therefore 

dcath^H ? Pr °. to f >a ' MetaZ ° a ^'“t to senescence and 

, 6 Cyde ““sitting of a limited number of 
generations (about several hundred), unless conjugation intervenes. 

juga n was regarded as a necessary rejuvenating factor. Although 
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Calkin; s later work and some other researches supported these conten- 
tions. other investigators, particularly Woodruff and his students and 
Enriques, showed that the early results were attributable to bad and 
inadequate cultural conditions and that vdth careful attention to medium 
at least some ciliates can propagate indefinitely by binary fission without 
conjugation. Thus Woodruff has maintained since 1907 a clone of 
Paramecium aurdia. which has now reached about 15.000 generations 
without decline of vitality or of fission rate and which has not con- 
jugated. Woodruff, while denying the reality of life cycles, found, how- 
ever. a definite up-and-down rhythm in fission rate (Fig. 60), and this 
rhythm was subsequently correlated with endomixis. which process is 
generally accompanied by a lowering of fission rate. The question then 
arose whether endomixis may not be taking the place of conjugation as 
a rejuvenating factor and whether clones can multiply indefinitely 
without either endomixis or conjugation. In the case of P. aurdia it 
appears that continued existence without endomixis is impossible 
(Sonneborn) and therefore that this species does have a definite life 
cycle in accordance with Calkins's views. In Sonnebom’s experiments 
with delayed endomixis by selecting clones having long endomictic 
intervals, the longest survival without endomixis was 303 generations. 
However, many Protozoa can under adequate environmental conditions 
propagate indefinitely solely by binary fission without undergoing 
endomixis or conjugation or any other nuclear reorganization process so 
far as known. But it is probable that even.- fission is to some degree a 
rejuvenating process and hence the whole question becomes futile. 
It may further be suggested that -with complete control of the culture 
medium, the rhythms or variations in fission rate that have been empha- 
sized by Woodruff will disappear except possibly in the few species that 
regularly undergo endomixis. 

There remains the question of the physiological effect of conjugation. 
This has been studied by comparing the vitality, longevity, and fission 
rates of clones reared from exconjugants and nonconjugants from the 

same original clone. The results have shown that in some ciliates. as 

^ * 

Uroleptus and Spathidium . conjugation does prolong the life of a clone, 
restore waning vitality to at least some extent, and may accelerate the 
ilssion rate. In exconjugants artificially separated before the micro- 
nuclear exchange had occurred, these rejuvenating effects still obtain, 
as shown bv Calkins in UroUptus . and thus seem to result from the 
renewal of the macronucleus. Jennings's comparison of clones reared 
from exconjugants and nonconjugants in Paramecium demonstrated a 
much greater occurrence of inheritable variations in the exconjugant 
Lines, a result indicating the importance of conjugation in the production 

of diversities. 
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8. Behavior and Other Experimental Results. — The ciliates swim in 
a spiral path rotating upon the longitudinal axis, making one spiral turn 
to each rotation so that the same surface of the animal always faces the 
axis of the spiral. The width of the spiral, the closeness of the turns, 
and the direction of rotation (whether to right or left) vary with and are 
constant for the species. The spiraling and the rotation result from the 
fact that in ordinary forward progression the ciliary beat passes diagonally 
backwards in a wave that takes a spiral course. As a result the animal 
would swim in circles were it not also thrown in rotation in a direction 
opposite to that of the ciliary wave. The ciliary wave can be reversed 
as in backward locomotion. The coordination in the action of the cilia 
and the changes of beat under various conditions indicate some correlat- 
ing mechanism, probably the neuromotor apparatus. The most remark- 
able conditions are seen in the Hypotricha where each of the large cirri 
can be moved in all directions either independently of or in correlation 
with the others, acting like legs in crawling. 

The ciliates are sensitive to heat, chemicals, and contact but are 
indifferent to light unless they contain zoochlorellae. Ail the cilia prob- 
ably act as sensory receptors but there are also special stiff sensory 
bristles (Fig. 13Z>). Some longer nonmotile cilia at the posterior tip of 
Paramecium have been thought to exercise a steering function. To most 
chemicals, localized contact, and temperatures other than the optimum 
a general phobotactic or avoiding reaction is given. The animal darts 
backward, turns at an angle to its former course and swims in a new 
direction, repeating this behavior until the stimulating factor ceases to 
act. Positive reactions such as aggregation in a favorable location are 
likewise phobotactic — the a n imal fails to react upon entering the region 
but gives an avoiding reaction if about to leave and so remains within a 
circumscribed area. Genuine directed or topotactic reactions probably 
occur to food, contact at times, in seeking partners at conjugation, and 
to electric current (page 69). Negative geotaxis (a swimming upward) 
is manifested by Paramecium (page 68) and a few other ciliates. 

The ability of ciliates to discriminate food from other particles has 
been much studied, particularly in current-producing types, such as 
Paramecium and Stentor. These forms will ingest inert particles like 
carmine, India ink, indigo, glass, and at first sight appear to swallow 
anything brought by the ciliary currents. Experiment, however, has 
shown that ciliates can discriminate between nutritive and nonnutritive 
particles. When offered mixtures of carmine and bacteria or egg yolk, 
Paramecium takes in the nutritive material and rejects the carmine' 
When drops of carmine or carbon and bacterial suspensions are placed 
on a slide with Paramecium, the animals gather in and feed on the 
bactena and similarly choose between drops of different species of 
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bacteria. Larger nonnutritive particles are more apt to be rejected than 
smaller ones. When Stentor is offered mixtures of food organisms with 
starch grains, sulphur grains, carbon, or carmine, the food organisms are 
ingested and the nonnutritive particles mostly rejected (Schaeffer) 
Stentor does not choose between living and killed food organisms of the 
same species but does choose between different species, selecting certain 
ones. Bursana when offered a mixture of normal yolk particles and 
those stained with toxic dyes ingests the former and rejects the latter to 
a large extent (Lund, 1914). While eiliates very commonly take in 
nonnutritive particles, the vacuoles formed of these are very soon ejected 
from the cytopj-ge. The rejection of particles is accomplished by the 
reversal or other coordinated action of the cilia involved in food catching. 
The behavior of a raptorial ciliate is exemplified by Mast’s account of 
Didinium (1909). This animal (Fig. 57B) has an anterior conical pro- 
jection, the proboscis or seizing organ , strengthened by a bundle of fibers 
(trichites?) anchored deep in the cytosome, and bearing the mouth at 
its tip. When hungry, Didinium darts rapidly about until it comes in 
contact with a suitable prey whereupon the proboscis adheres, the mouth 
opens widely, and the proboscis retracts drawing the prey into the 
interior. Protozoans much larger than Didinium can be ingested. 
Didinium can necessarily eat only those protozoans to which the pro- 
boscis will adhere on contact, as Paramecium, Frontonia , Colpidium , and 
Colpoda; attachment fails to occur on contact with such forms as Stentor , 
Spirostomum , and hypotrichous eiliates. Apparently some property of 
the pellicle determines which forms shall fall prey to Didinium . The 
results indicate that food discrimination in eiliates depends in part or in 
some species on tactual properties such as shape, size, weight, or surface 
texture of the available particles or food animals and in other cases on 
chemical properties. 

Many examples of modifiability and variety of behavior and some of 
alleged learning have been noted in eiliates. Paramecium when fed for 
some time on carmine particles “learns” to reject the carmine and forms 
no more or very few carmine vacuoles. The behavior is lost in 2 or 3 
days and is not transmitted to fission products. Shaking or disturbance 
is generally less effective after several repetitions if these are sufficiently 
close together. Paramecium confined in a capillary tube that barely 
permits it to turn around “learns” by repeated trials to turn much 
more quickly than at first (Day and Bently, 1911). It is probable, how- 
ever, that the accumulation ot carbon dioxide in the capillary tube 
softens the pellicle, and this is presumably the explanation of the result 
(Buytendijk, 1919). In recent years workers at the University of Mar- 
burg under Alverdes (Bramstedt, 1935; Soest, 1937; Alverdes, 1938) 
have reported the formation of associations in various eiliates, as Para- 



THE ACELLULAR ANIMALS— PHYLUM PROTOZOA 


181 


mecium , Stylonychia , Stcntor . and Spirostomum. In these investigations 
the contrasting factors employed were light and darkness, cold and 
optimum temperature, rough and smooth substratum, etc., and electric 
shocks and shaking were used as punishments. One or two examples of 
these experiments may be given. A slide was so arranged that half 
was heated to 42°C. and the other half kept at 15°C. ; in addition the 
warm half was illuminated and the cold half darkened. Parameaa 
placed on such a slide turned back into the cold-dark half whenever they 
happened to swim towards the warm-light half (avoidance of warm water). 
After 1 to 1 Yi hours of this “training" the entire slide was put at 15°C., 
but the Paramecia continued to turn back on reaching the lighted half. 
As Paramecium normally shows no reaction to differences in light inten- 
sity, it was concluded that the animals had formed an association between 
light and warm temperature (Bramstedt). Similarly, Paramecium . 
Spirostomum, and Stylonychia will “learn" to turn back from a dark-light 
boundary into the dark half if they are punished when they pass into the 
light half by shaking or an electric shock. The contrary experiment, 
trying to teach the animals to avoid the dark half, fails. Ordinarily 
these ciliates show no reaction to light, although the experiments indicate 
that they can perceive light differences. Stylonychia may similarly be 
taught to associate light with a rough substratum and dark with a smooth 
substratum. These associations are retained only about 15 minutes. 
Bramstedt further found that Paramecium confined in small vessels of 
definite shape follows the contour of the wall and if then transferred to a 
vessel of different shape continues for about 15 minutes to swim in a 


path resembling the shape of the previous container. The foregoing 
types of experiments have been repeated by Grabowski (1939), who 
although verifying the results opposes the inteipretation and thinks that 
small chemical differences to which the animals respond may arise during 
the experiment between the two halves of the slides. 


There has been much study of the changes ensuing in cultures made 
of natural materials containing Protozoa or their cysts. It is found that 
such cultures change progressively in acidity and exhibit a regular suc- 
cession of protozoan forms replacing each other. This merely indicates 
that each species requires a certain combination of external factors for 
its best development. The speed of bacterial fermentation, which in 
turns depends on the quantity of fermentable food present, is one of the 
most important factors in protozoan culture. Much recent work 
revolves around the question opened by T. B. Robertson, whether Pro- 
tozoa excrete a substance favorable to their own reproduction. Robert- 
son claims that two or more ciliates divide more rapidly than one in the 
same (small amount of medium and, postulating that protozoans secrete 
an autocatalyst favoring fission, assigns this result to a greater retention 
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of autocatalyst by each animal when several are present in a restricted 
medium. Various repetitions and modifications of this experiment on the 
relation of fission rate to initial number of animals and quantity of culture 
medium have yielded conflicting results, a few in accord with Robertson’s 
contention (Petersen, 1929, using large volumes; Yocom, 1928; Johnson, 
1933, in part), but the majority contrary (Cutler and Crump, 1923-1925; 
Greenleaf, 1926; Myers, 1926; Jahn, 1929; Petersen, 1929, with small 
volumes; Beers, 1933; Johnson, 1933, in part). Even those whose 
results agreed with those of Robertson have been unwilling to accept 
his interpretation. Probably the whole question is one of proper 
medium and concentration of food supply. In a medium faulty in 
physicochemical makeup or too concentrated as regards food supply, a 
larger number of individuals in a limited space is obviously advantageous 
as they can more rapidly alter the medium to a favorable condition. 
Thus the pH of the medium is of importance (review by D. H. John- 
son, 1936). Most ciliates grow best in a medium of pH 6.0 to 8.0 but 
some species have their optimum growth at a higher acidity (4.8 to 6.0). 
The metabolism of Protozoa modifies the pH of the medium so that the 
greater the initial number within a limited space, the more rapidly will 
they bring the medium to a more favorable acidity. Again, W. H. 
Johnson (1933) using Oxytricha found that the concentration of bacteria 
was an important factor in division rate so that in too high a concentra- 
tion reproduction is retarded. Under such conditions additional individ- 
uals in a limited space would favor growth through reducing the number 
of bacteria. However, with other ciliates, e.g., Paramecium (Johnson, 
1936) and Glaucoma (Harding, 1937), multiplication is greater the higher 
the concentration of bacteria. Different factors no doubt operate in 
limiting or favoring growth in different genera, but under optimum con- 
ditions it is probable that Robertson’s phenomenon would be absent. 
Perhaps the best experimental attack was that of Beers (1933), who, 
using Didinium and Stylonychia in an artificial salt medium to which an 
adequate supply of food organisms was added daily, failed to obtain 
any differences in fission rates among cultures ranging from one to eight 
individuals in 0.02 to 0.16 cc. of medium. 

Another mode of attack upon this problem is to compare the fission 
rate of the same initial number of animals in fresh culture medium and 
in “conditioned” medium, i.e., culture fluid in which the same protozoan 
has already lived for varying periods of time. Both negative (Reich, 
1938) and positive (Mast and Pace, 1938) results have been reported. It 
is probable that in general slight conditioning of the medium is favorable 
to animal growth whereas considerable -conditioning or crowding is 
unfavorable. Usually in the early stages of protozoan cultures, growth 
and multiplication are rapid until a maximal population for the particular 
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space is reached, and thereafter the population declines in fission rate 
and numbers through death. Since the work of Woodruff (1911) it has 
been generally accepted that the metabolic products of Protozoa are 
depressing and toxic to themselves and that this is the cause of the 
decline of cultures. Woodruffs result is disputed by Johnson and 
Hardin (1938) who report that Paramecium multiplies as rapidly in old 
as in fresh culture medium. The whole question of the action of con- 
ditioned medium is at present an open one requiring further investigation. 

The genetics of ciliates accords with that of other Protozoa (page 77). 
From any wild species a number of clones can be isolated, and within a 
clone inheritable variations may result from nuclear reorganizations as 
in endomixis and conjugation or from unknown causes. Among the 
inherited changes are size, fission rate, and number of contractile vacuoles. 

9. Subclass Protociliata. — The Protociliata or opalinids differ from 
the typical ciliates in almost every respect except the possession of 
cilia. They are entocommensals in the intestine of tadpoles and adults 
of the anuran Amphibia (frogs, toads) and occasionally of other cold- 
blooded vertebrates. They are simple oval cylindrical or flattened forms, 
completely clothed with cilia, and devoid of mouth and contractile 
vacuoles. In some forms (Fig. 611?) long convoluted noncontractile 
canals or a series of vacuoles, supposed to have an excretory function, are 
present. The group is bi- or multinucleate, but all the nuclei are alike. 


Asexual reproduction occurs by plasmotomy, sexual by gametes. Con- 
jugation is lacking. At the time of egg laying of their hosts, the opalinids 
divide into small forms that encyst, pass out in the feces, and, when 
ingested by tadpoles, excyst, and then may divide into anisogamous 
gametes. The zygote either encysts again and passes out to infect other 


tadpoles or develops at once into the adult. Metcalf, the chief student 
of the group, has divided the opalinids into four genera: Protoopalina 
(Fig. 61 B), with two nuclei and cylindrical body; ZellerieUa , binucleate 
but flattened; Cepedea, oval and multinucleate; and Opaline (Fig. 61A) 
multinucleate and very flattened though of oval outline. The evolution- 
ary changes among the opalinids have been utilized to elucidate the 
phylogenetic relationships among their amphibian hosts. 

10. Subclass Euciliata and Order Holotricha.— This subclass includes 
all the typical ciliates with dimorphic nuclei, conjugation, feeding appara- 
tus and contractile vacuoles. The order Holotricha comprises those 
with simple cilia, which may clothe the entire surface or be limited to 
certain areas The suborder Gymnostomata includes the raptorial 
types with a closable mouth situated at the surface or forming a pit or 

ft’ defimte penstome. Among the simple oval types with a 

terminal mouth are Coleys with ectoplasmic plates (Fig. 7 D) and rows of 
c la between the plates and Didtnium (Fig. 57 D) with two or more girdles 
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F ig . r>i. — Holotri chous ciliates. mostly from life. A. Opalina, from rectum of frog, 
multinurleate series. B. Proton jyalina intestinal is {after Metcalf , 1909), with two nuclei 
and long exrretorv canal. C. Xassula with lateral mouth and trichites. D. 
extended and contracted. {After Conn, 1905.) E . Loxodc*. F. Lwnotus . G. hr occntrum 
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of cilia and mouth on the tip of a proboscis armed with long fibers (tricho- 
cysts?). In both genera the mouth can be opened as wide as the body 
diameter and large prey ingested. Didinium feeds almost exclusively 
on Paramecium, encysts in the absence of food, and undergoes endomixis 
while encysted but can be cultivated indefinitely by fission if the food 
supply is adequate. Many of the gymnostomatous ciliates have a 
pharyngeal basket, as Prorodon (Fig. 57A), with terminal mouth and 
basket, and Chilodonella (Fig. IF) and Nassula (Fig. 61(7), with ventral 
mouths and baskets. A number of genera have the anterior end elon- 
gated into a sort of proboscis, often very flexible, with a round or slit 
mouth at its base. Here belong Trachelius (Fig. 612), Loxodes with 
beak-like anterior end (Fig. 612?), and Lionotus (Fig. 612 r ), Loxophyllum 
(Fig. 56 J), and Dileptus (Fig. 8) with a long flexible proboscis armed with 
trichocysts. Lacrymaria (Fig. 612)) with an exceptionally long serpen- 
tine proboscis or “neck’' differs in the terminal position of the mouth. 

The Trichostomata include those Holotricha with a definite cyto- 
pharynx not provided with undulating membranes and situated at the 
bottom of a peristomal depression. The wall of the cytopharynx and 
peristome are provided with special ciliary tracts. The most familiar 
genus of this group is Paramecium (see below). Other genera are the 
small Colpoda (Fig. 612,, M ) and Tillina (Fig. 172)) both of which divide 
only while encysted, and Plagiopyla (Fig. 6122). 

Paramecium, the most familiar and studied protozoan genus, is 
characterized by the oral groove or peristome, a deep depression beginning 
at the anterior end and extending obliquely backward to the right, so 
that a cross section through the anterior half of the animal is crescentic 


(Fig. 552?). There are about ten species (Wenrich, 1928; Ludwig, 1931): 
caudaium (Fig. 57 C), aurelia, muUimiaonucleatum, bursaria (Fig. 20), 
nephridiatum , trichium, putrinum, calkinsi, polycaryum, and woodruffi. 
These differ in size, shape, number of micronuclei, vacuolar apparatus, 
and other details. The size ranges from about 300 my for the largest 
species ( caudaium , Tnultimicronuclealum) to about 80 my for the smallest 


(i trichium ). There are two types of body shape: the aurelia type (Fig. 
57(7), resembling in outline the sole of a shoe, broadest behind the middle, 
with an elongated anterior portion and rounded anterior end, and the bur- 
saria type (Fig. 20), slightly flattened with beak-like anterior end curved 
to the right and rest of the body of about the same width throughout. 

‘urbo H Plagiopyla nasuta. J. Tracheliug arum. (After Blochmann 18951 K 
fchthyophthinus mulhfilii s ( After Butschli, 1889.) L. Colpoda. M. game, dividme while’ 
encjsted. U/i«r Rhumbler, 1888.) N. Microthorax. (After Blochmann 1895 ) O 
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The body is covered with a pellicle that is sculptured into hexagonal, 
rhomboidal, or squarish depressions (Figs. 75, C and 55A) bounded by 
ridges on which the trichocysts open. From the center of each depression 
springs a eilium whose base pierces the pellicle to reach the basal body 
situated in the alveolar layer of the ectoplasm. The ciliation is uniform 
except for a few longer cilia often present on the posterior end. The 
depressions and consequently the cilia are arranged in longitudinal 
rows. 

In the alveolar stratum of the ectoplasm lies the neuromotor system 
running parallel to the body surface. It consists primarily of the inter- 
ciliary fibrils, each of which is a longitudinal strand connecting the basal 
bodies of the cilia of a longitudinal row. The interciliary fibrils curve 
around the cytopharynx (Fig. 13C) meeting at an angle above and below 
it to form the preoral and postoral sutures (Fig. 13C), of which the latter 
makes a ring around the cytopyge. Pellicular markings and neuromotor 
fibrils continue into the cytopharynx where the latter form a system of 
radiating and circular fibrils passing through the basal bodies (Fig. 13C), 
making a latticework. The radiating fibrils extend only a short distance 
outside the entrance of the cytopharynx. Attached to the left dorsal 
wall of the cytopharynx is the neuromotorium consisting of two masses 
from which fibrils pass into the entoplasm. In the dorsal wall of the 
cytopharynx near its inner end is a chain of about five granules, from 
which a bundle of postcsophageal fibers extends posteriorly into the 
entoplasm. The foregoing account is taken from the work of E. E. 
Lund (1933). 

In addition to the neuromotor fibrillar system there have been 
described in Paramecium two systems of ectoplasmic networks, an outer 
and an inner. The outer net (part of Klein’s silver-line system) is 
situated in the pellicular ridges, which it faithfully follows (and is nothing 
but these ridges, in the opinion of E. E. Lund). The inner net ( infra - 
ciliary net of Gelei, 1937) is located at the level of the basal bodies of the 
cilia. These nets have no connection with the neuromotor system and 

are believed to be of a supporting nature. 

Occupying the greater part of the alveolar layer of the ectoplasm are 

the trichocysts, carrot-shaped bodies evenly distributed over the animal, 
attached by their slender necks to the anterior and posterior ridges of the 
pellicular polygons (Fig. 55.4). Upon certain kinds of stimulation they 
are ejected to the exterior, altering in the process to long slender rods. 
Their function and mode of discharge were already discussed (pages 165). 

The vacuolar system occupies a fixed position in the innermost layer 
of the ectoplasm on the dorsal side of the animal. It commonly consists 
of two vacuolar apparatuses, one in each body half, but P. multimicro- 
nucleatum frequently has one to five extra apparatuses. Each apparatus 
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consists of the pore and a circlet of several radiating canals (Fig. 57(7). 
These canals are often very long, much longer than they appear in the 
living animal, tapering at their distal ends into fine canals that receive 
fluid from many minute vacuoles. The canals run parallel to the surface 
but may extend somewhat into the entoplasm. At their proximal ends, 
each canal has a swollen portion or ampulla from which a fine injector 
canal proceeds toward the pore. Drops of fluid emitted from the ends 
of the injector canals at each emptying of the canals unite to form 
the contractile vacuole, which is thus a temporary structure formed 
anew after each discharge. The pore (two or more may be present in 
P. nephridiatum) appears to be a permanent structure whose inner end 
closes again after each discharge. The relative rates of pulsation of the 
anterior and posterior vacuoles have been the subject of considerable 
argument (see Frisch, 1937). The statement often seen that they con- 
tract alternately is erroneous; usually the posterior vacuole has a faster 
rate than the anterior one, but this is caused by its proximity to the 
cytopharynx. Intake of water at the cytopharynx with food vacuoles 
accelerates the rate of the posterior vacuole. In P. trichium there are no 
feeding canals, but instead vesicles open into the contractile vacuole; a 
long convoluted tube leads from each vacuole to the pore. 

At the posterior end of the oral groove, the funnel-shaped cytopharynx 

leads into the entoplasm. The ciliation of the cytopharynx is rather 

complicated (Gelei, 1934). Contrary to usual opinion there is no 

undulating membrane. The outer part of the cytopharynx ( vestibule of 

Gelei) has the same structure as the ectoplasm in general, except that 

there are often two cilia in each depression and the posterior edge is 

devoid of cilia. The ciliation extends more deeply along the left than 

along the right wall of the vestibule (Fig. 555). The next part or 

pharynx proper is a curved tube that is devoid of cilia on its right wall 

(Fig. 555). Along the left wall runs the pennieulus , a curved band of 

eight parallel rows of cilia arranged in two groups of four rows each 

(Figs. 13(7 and 555). In the dorsal wall is another band composed of 

four rows of long cilia paralleling the pennieulus; this may be called the 

quadrulus. No doubt the movements of the pennieulus and quadrulus 

have given rise to the conception of undulating membranes. Gelei is of 

the opinion that the quadrulus serves to direct the finer food particles 

into the esophagus whereas the pennieulus handles larger objects. The 

innermost narrowed end of the cytopharynx, termed esophagus by Gelei, 

is extremely short; the entrance into it is considered by some the true or 
original mouth, sunk inward. 


The cytopyge is a definite pore situated on the right side near the 

.uuer end of the cytopharynx in the aurelia group of species, at the 
posterior end m the bursaria group. 
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The macronucleus is a large oval solid body in the entoplasm near the 
middle of the animal. There is a single micronucleus in the form of a 
small solid ball resting in a depression in the macronucleus in the species 
caudatum, bursaria, and trichium. The other species have two to four or 
more micronuclei of the vesicular type with a central endosome. 

The entoplasm of Paramecium presents no especial features; it con- 
tains much fat and glycogen. In P. bursaria , it is filled with zoochlorellae, 
which confer a green color on this species. Several investigators have 
studied the biology of this animal (page 171). The food of Paramecium 
consists essentially of bacteria but larger organisms can be ingested. 
Paramecium can live on a single species of some kinds of bacteria but not 
on any species and discriminates between bacterial species when a choice 
is presented. Although Phelps (1934) could not succeed in growing 
P. aurelia in a baeteria-free medium or on dead bacteria, Glaser and Coria 
(1933) were able to cultivate P. caudatum in a medium composed of liver 
extract, dead yeast, and pieces of fresh rabbit kidney. So far no species 
of Paramecium except the green one has been successfully cultivated in a 
nutrient medium devoid of particulate food, but this need not be alive. 


As most points in the biology of Paramecium are discussed elsewhere 
in this chapter, it remains to consider encystment. The green Para- 
mecium probably encysts, but encystment of the other species is a rare 
occurrence and has never been witnessed for any species except caudatum. 


Encystment of P. caudatum was reported by Ivanic (1926) and Michelson 
(1928) but the work of the former is questionable. Michelson failed to 
induce encystment of P. caudatum by any of the ordinary methods that 
would be applicable in nature. Encystment was finally obtained under 
extraordinary conditions, in agar. The cysts are stated to resemble sand 
grains. Cleveland noted a few cysts formed when Paramecia (species not 
stated) were injected into the rectum of frogs. Contrary to general 
opinion, Paramecia cannot be obtained from dry hay or other dry mate- 
rials, since drying does not induce encystment of Paramecium. 

In the Hyraenostomata the cytopharynx is provided with one or more 
undulating membranes that may project conspicuously, as in Pleuronema 
(Fig. 57 D) and Cyclidium (Fig. 61 P), acting as food scoops. These two 
forms execute springing movements by means of their long cilia. Col- 
pidium (Fig. 61Q) with lateral and Glaucoma (Fig. 61 R) with ventral 
mouth are small oval forms with a projecting ectoplasmic lip on one side 
of the mouth margin. The curious Urocentrum turbo (Fig. 61 G) has two 
broad ciliary girdles and a tail tuft by which it may adhere and so execute 
pendulum movements. In the little Microthorax (Fig. 61 N) t | iere . J 8 a 
posterior cytopharynx and a firm pellicle through which protrude widely 

spaced rows of cilia. The ciliate figured in Fig. 610 is notable for t ® 
large and conspicuous undulating membrane. Frontoma (Fig. 6) with a 
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very long slit-like peristome, long vacuolar canals, and sometimes 

ioochlorellae belongs to the Hymenostomata. 

The group Astomata consists of mouthless entoparasites, not clearly 
related to the other Holotrieha, inhabiting invertebrates. They are oval 
to elongated forms, completely clothed with cilia, often with elongated 
macronuclei (Fig. 62.4, B ) frequently with a clinging structure or adhe- 
sive organ at the anterior end, and with several contractile vacuoles. 
They reproduce by transverse fission or may divide off small individuals 
from the posterior end. Chains may result from the incomplete separa- 
tion of such buds. Conjugation has been observed. Representative 
forms are Anoplophrya (Fig. 62.4) without adhesive organ and Hopli- 
tophrya with a hook-like trichite (Fig. 62B) for adherence to the host's 
intestine. Some other genera such as Haptophrya have a sucker-like 
adhesive organ. The Astomata live in the digestive tract of annelids, 
the liver of mollusks, and the body cavity of annelids and crustaceans. 

The family Foettengeridae, a holotrichous group of uncertain rela- 
tionships, placed by its chief investigator Chatton (1935) in a special sub- 
order Apostomea, are parasitic ciliates with complicated life histories. 
The adult Foettengeria (Fig. 62C) lives inside the coelenteron of sea 
anemones. After some time it emerges and encysts, undergoing multiple 
fission into numerous ciliated young, whose ciliary pattern differs from 
that of the adult. These young (“tomites” of Chatton) encyst upon 
some crustacean (Fig. 62D), and, when such an infected crustacean is 
eaten by a sea anemone, the cyst hatches and the young grow up into the 


mature foettengerid. 


A number of other genera have been described. 


most of which pass their free lives entirely in or on crustaceans. 


The free-living suborders of the Holotrieha also include a number of 


ecto- and entocommensals and parasites. The best known is Ichthyoph- 
thirius multi filiis (Fig. 61X), an oval, completelj 1, ciliated form with 
terminal mouth, parasitic on the skin of fish where it becomes embedded 
in white pustules, and may be fatal by making the skin susceptible to 
fungus growth. The pustules eventually rupture and the escaped 
cilia te encysts and undergoes multiple fission into many (up to 1000) 
tiny ciliates that again invade the skin of fish. In the mature ciliate, 
the micronucleus seems to be embedded inside the macronucleus. Wen- 
rich (1924) has described a species of the free-living genus Amphikptus 
that inhabits the gills of tadpoles and ingests masses of cells from the 
gills. Conchophthirius, closely resembling Colpoda, and Andstruma and 
Bovena (Fig. 13A), with long cilia leading to the posterior mouth live 
as harmless commensals in the mantle cavity of bivalve mollusks whose 
food they share. Entoeommensal Holotrieha are common in the diges- 
tive tract of the horse, cow, and other mammals, and in the intestine of 

sea urc hins . 
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11. Order Spirotricha. — Here are included all ciliates with an adoral 
zone of membranelles beginning on the right side or the anterior edge of 
the peristome and passing along its left edge into the cytopharynx. 
The membranelles are large triangular plates composed of fused cilia 
(Fig. 55 D) and produce a powerful current. There is a large peristome 
consisting either of a disk-like anterior end ( Stentor , Fig. 62 E) or of a 
triangular or elongated depression. A vestibule may be interposed 
between peristome and cytopharynx, and an undulating membrane is 
generally present. The order is variously divided in different texts; 
here three groups will be considered: Heterotricha, Oligotricha, and 
Hypotricha. 

The suborder Heterotricha embraces those Spirotricha in which the 
body is clothed with short cilia. Here belong several of the best known 
and most investigated genera of Protozoa. Stentor (Fig. 62 B) has an 
elegant trumpet-shaped body with a broad peristome encircled by the 
row of membranelles, which leads by way of a vestibule into the spirally 
coiled cytopharynx. The blue species ( S . coeruleus, Fig. IF) is char- 
acterized by alternating blue and white ectoplasmic stripes (Fig. 55 E, F) 
of which the blue stripes consist of pigment and the white stripes are 
underlain by a myoneme and an intereiliary fibril. In the several 
smaller colorless species (Fig. 62 E), some of which have a basal loose 
gelatinous investment, the myonemes are not very evident in the extended 
state but become conspicuous on contraction (Fig. 62 F). They run 
lengthwise on the body and in concentric curves on the peristome. The 
stentors are generally attached but often break loose and swim about in 
a semicontracted condition. They feed chiefly on small ciliates that 


after being trapped in the vestibule are driven into the cytopharynx. 
The macronucleus is very elongated (Fig. 62 E) or moniliform (Fig. IF), 
there are several to many micronuclei (to 80 in S. coeruleus), and the 
single contractile vacuole is generally fed by a very long canal. The 
bottle animalcule, Folliculina (Fig. 62 G), marine, resembles Stentor but 
has two wing-like extensions of the peristome and secretes a vase-like 


tectinous case fastened to plants or other animals. This genus can 
undergo much change of form, often escaping from its case as an oval 
swimming ciliate without the arms. Upon settling down again, it 
reforms the case and differentiates into its typical morphology. Spiro- 
stomum (Fig. 63C, D) is a long slender heterotrich with an elongated 
peristome, moniliform nucleus, and highly developed myonemes. In the 
large stout oval Bursaria (Fig. 635) the adoral zone is inside the very 

(after De Morgan, 1924); D, same, encysted ( after ChaUon and Lwoff 1935) E , 
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capacious funnel-shaped peristome. Metapus (Fig. 62 H) with many 
species is characterized by the spiral depressed adoral zone, and the some- 
what similar Caenamorpha has in addition a long tail and anterior cirri. 
Blephxirisma is a small oval form with an elongated peristome like that 
of Spirostomum but differing in being provided with a projecting undulat- 
ing membrane; the common species, B. undulans, is peach colored. 

The Heterotricha include several well-known ecto- and entocom- 
mensals. Lichnophora (Fig. 63 E) with a stentor-like expanded peristome 
edged by the adoral spiral has its posterior end modified into an adhesive 
disk by which it clings to a variety of marine animals as a harmless 
commensal. In some species, the adhesive disk is ciliated so that the 
animal can move about over its host. Nyclotherus (Fig. 2 22), a common 
intestinal commensal of various invertebrates and vertebrates, particu- 
larly frogs, also very occasionally found in man, is a bean-shaped ciliate 
with the adoral zone leading down into a lateral notch. Nyclotherus 
cardiformis multiplies by binary fission in the rectum of frog tadpoles. 
When the tadpole is about to metamorphose, smaller preconjugant forms 
arise and these conjugate in pairs with the usual ensuing nuclear exchange. 
The large exconjugants found in the rectum of the newly metamorphosed 
frog undergo binary fission to ordinary-sized individuals that encyst. 
The cysts hatch when eaten by tadpoles (Wichtennan, 1937). In 
Balantidium (Fig. 63-4) an intestinal inhabitant of various animals, 
chiefly frogs and mammals, the oval ciliated body has a large peristomal 
depression at the anterior end. B. coli , whose natural host is the pig, in 
which it is transmitted in the encysted state, may infect human beings 
who handle pigs and may by invading the intestinal wall cause severe 
symptoms. 

In the suborder Oligotricha, the body cilia are greatly reduced or 
absent, and the adoral row of membranelles encircles the circular raised or 
depressed peristome occupying the anterior end and bearing the mouth 
opening. Among the free-living forms are the minute jumpy fresh-water 
Halteria (Fig. 63 F), making quick springs by means of its long bristles, and 
the Tintinnidae (Fig. 644), marine ciliates with feathery membranelles, 
which inhabit vase-shaped gelatinous or tectinous cases often including 
foreign particles. Here may be placed the remarkable entocommensals of 
the digestive tract of hoofed mammals, relegated by some to a separate 
suborder of Spirotricha (Entodiniomorpha) . They are among the most 
complicated protozoans. Besides the peristomial circlet of cirrus-like 
membranelles, one or more girdles or groups of membranelles may occur 
elsewhere (Fig. 64D). The body is generally of irregular form, often with 
one or more lobes or spine-like projections at the posterior end (Figs. 7 E, 
and 642?), which may be movable by a complicated array of myonemes 
(Fig. 642?) ; sometimes also there are lobes around the mouth. Beneath 
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the tough pellicle the ectoplasm is supported by a fibrillar network and 
contains in many genera one to five skeletal plates (Figs. 7 E, and 645), 
some long and narrow, others broad. These plates are composed of little 
polygonal prisms made of a cellulose-like material impregnated with gly- 
cogen, so that the skeleton serves as a depository of food reserves. The 
entoplasm is limited to an internal sac separated from the thick ectoplasm 
by a membrane stiffened by a fibrillar network. The cytopharynx, also 
provided with myonemes, leads into this entodermal sac (Fig. 645) from 
the side of whose lower end a rectal canal, encircled by myonemes, extends 
to the cytopyge (Fig. 645, 5 ). These ciliates therefore could almost be 
said to have a digestive tract. Bunches of myonemes proceed inward 
from the membranelles (Fig. 645, 5 ) and an extensive neuromotor sys- 
tem, including the fibrils already mentioned, has been described for 
members of the group. In fact the conception of a neuromotor 
apparatus originated through Sharp's study of the structure of an 
ophryoscolecid ( Epidinium ecaudoium , then called Diplod ini um). One 
to fifteen contractile vacuoles are present with canals, sometimes 
encircled by a myoneme (Fig. 64C), leading to the external pore. There 
are an elongated macronucleus and one micronucleus. Reproduction 
occurs by ordinary binary fission. Conjugation in many cases is preceded 
by a special fission into a large and a small conjugant (Fig. 59). Resistant 
cysts are lacking, and infection of new hosts occurs by ingestion of active 
parasites in the food or dr inkin g water. 

These parasites are divided into the family Ophryoscolecidae, in which 
the extra membranelles are limited to the anterior end, and the Cyclo- 
posthiidae, where there are posterior coils of membranelles, usually two. 
The former family, including the genera Entodinium , Epidinium , 
Diplodinium (Fig. 645), Ophryoscolex (Fig. IE) and many others, inhabits 
the rumen and paunch of ruminants such as cattle, sheep, goats, antelope, 
deer, etc., often occurring in millions ; the Cyclopost hiidae, typified by 
Cycloposthium (Fig. 645) live in the intestine and caecum of herbivorous 


mammals, including horses, tapirs, elephants, and apes. The relation of 
these ciliates to their hosts has been much studied, and various ideas have 
been suggested: that they digest cellulose for their hosts, prepare plant 
proteins, agitate the digesting food, and keep down bacteria and fungi. 
The work of Becker and his associates in Iowa disproves these sugges- 
tions, for they have shown that the hosts digest cellulose and plant 
proteins equally well regardless o f the presence or absence of the ciliates, 
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which therefore classify as harmless commensals. They can digest 
protein, starch, and probably cellulose. 

The third suborder of the Spirotricha, the Hypotricha, includes many 
of the most common and familiar marine and fresh-water ciliates. They 
are oval forms, strongly flattened dorsoventrally, with a marked differ- 
entiation of the ventral surface for creeping. The dorsal surface is 
mostly devoid of cilia or bears only stiff, presumably sensory, bristles. 
The ventral surface lacks cilia and is provided with cirri. In the more 
primitive forms, as Urostyla (Fig. 64 F) and Onychodromus (Fig. ME) 
there are several rows of cirri on the ventral surface, but the cirri gradually 
become restricted to a few ventral groups, at first with the retention of the 
marginal row as in Oxytricha and Stylonychia (Fig. 64(7), finally with the 
loss of all cirri except a few groups definite in position and number as in 
Euplotes (Fig. 65.4). At the anterior end of the ventral surface is a large 
depressed triangular peristome bordered by the adoral zone and leading 
into a cytopharynx supplied with an undulating membrane. The adoral 
zone begins at the right anterior angle of the peristome and passes along 
the anterior end and down the left margin of the peristome into the 
cytopharynx. The cirrus groups in the more specialized genera (Figs. 
64G, and 65.4) comprise an anterior frontal or sternal group, a median 
ventral group, an anal (or transverse) group often of five large cirri in a row, 
and caudal cirri in some cases attached to the posterior margin. Stylo- 
nychia (Fig. 64(7) has three, and Euplotes (Fig. 65.4) four such caudal 
bristles. There are generally two or more oval macronuclei, each accom- 
panied bj r one or more micronuclei, but Euplotes (Fig. 65A) has a very 
long curved macronucleus. Fission and conjugation are typical. Some 
other common genera are: Uroleptus. long and slender, with ventral cirrus 
rows and two to many macronuclei; Strongylidium with spiral cirrus rows; 
Holosticha, oval, with one to three cirrus rows and a row of anal cirri; 
Gastrostyla, with frontal and anal groups; Oxytricha, similar to Stylonychia 
but without caudal bristles; Uronychia with large anal cirri and marginal 
cirri reduced to a few large bristles; and the small rounded Aspidisca 
having the adoral zone somewhat concealed under a fold and cirri reduced 
to large frontoventral and anal groups. Kerona inhabits the surface of 
Hydra apparently as a harmless ectocommensal. The Hypotricha have 
been much used in studies of regeneration, life cycles, and heredity. 

12. Order Peritricha. — In this group the cilia have been still farther 
reduced and most species retain only the adoral zone; in some there is also 
a posterior circlet of cilia, but otherwise the body is naked. The body is 
typically bell- or vase-shaped attached by a short to long stout or slender 
stalk (Figs. 65 and 66). The anterior end forms a broad circular flat or 
bulging peristome or disk separated by a groove from a collar or lip. in 
this groove runs the adoral zone, which begins on the disk, circles around 
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to the right (i.e. counterclockwise) V /2 to several (Fig. 66C) times, and 
then descends into the vestibule (Fig. 655). The adoral zone is composed 
of an inner and an outer circlet of cilia (Fig. 655), which are not mem- 
branelles but adhere more or less after the manner of an undulating 
membrane. The inner circlet stands erect, is double in at least some 
species (not so shown in Fig. 655), and keeps up a constant undulation. 
The outer circlet is single, inclines outward like a shelf, and guides the food 
into the vestibule. At the right edge of the vestibule the inner and outer 
circlets separate; the former passes down into the vestibule along its inner 
wall, the latter along the outer wall (Fig. 65L), becoming a strong undulat- 
ing membrane. Between the disk and the collar at one place is a large 
cavity, the vestibule, where the disk is raised considerably above the collar, 
with the result that the beginning of the adoral zone is higher than its end. 
The vestibule continues into the interior as a funnel-like cytopharynx 
(Fig. 65L). The pellicle of the bell is often marked with circular parallel 
striatums (Fig. 655), which apparently are not myonemes, and is tuber- 
culate in some species of Vorticella. The interior contains numerous food 
vacuoles and the elongate curved macronucleus near which there is a 
single micronucleus. There are one or two contractile vacuoles that open 
into the vestibule, often with the interposition of a small reservoir 
(Fig. 65L), and the cytopyge also discharges into the vestibule. The 
collar is provided with circular myonemes forming a sphincter, and 
longitudinal myonemes, visible chiefly in the base of the bell, converge to 
form the spiral muscle band of the vorticellid stalk. Upon contraction 
(Fig. 65(r) the collar closes over the disk, and the stalk is thrown into 
spirals by the shortening of its muscle. 

Reproduction occurs by binary fission, which is longitudinal, whereas 
that of other ciliates is transverse, a fact suggesting that the peristome of 
the Peritricha corresponds to the dorsal surface of other ciliates. At the 
onset of fission, the collar closes over the peristome (Fig. 65C), and the 
elongated macronucleus condenses to an oval shape. The peristome then 
shows a vertical constriction, and this rapidly extends to the stalk 
(Fig. 655). One daughter develops a posterior girdle of cilia (Fig. 65 5) 
and swims away, later growing a new stalk and attaching. When exposed 
to unfavorable conditions, vorticellids also put out such a posterior 
ciliary circlet, detach from their stalks, and swim away. Conjugation 
(Fig. 65 5) is characterized by the production of small microconjugants 
through several fissions of some of the bells; these attach to the sides of 
the or din a r y bells, and the usual nuclear changes ensue. 

There are a few motile Peritricha with permanent posterior girdles as 
Telotrochidium (Fig. 665), which swims about rapidly by its posterior 
circlet with the posterior end in advance. This form has never been 
observed to attach. Other similar types are epizoic and possibly eeto- 
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parasitic, comprising the genera Urceolaria , Cyclochaeta, and Trichodina 
(Fig. 6 6/7). They inhabit the surface of a variety of animals, as hydras, 
sponges, planarians, tadpoles, and fish, where they glide about by means 
of the posterior circlet. The body is short and broad, circular in section, 
with the posterior end modified into a concave disk, strengthened by a 
ring, often toothed, and edged with a circlet of cilia. 

The remaining and majority of the Peritricha do not have any poste- 
rior girdle except on the occasions mentioned above and are with few 
exceptions permanently attached by a posterior disk or a stalk. In the 
most primitive types, as Scyphidia (Fig. 66Z>), the posterior end forms an 
adhesive disk, the scopula, by which the animal is fastened to various 
objects, often other animals. This scopula is a concavity bordered by a 
projecting rim and containing cilia-like projections, often arranged in 
concentric circles. The stalk of the Peritricha is a secretion, probably 
tectinous, of the scopula. The rim secretes the wall of the stalk, and 
the concavity gives rise to fine tubes that seem to come from protricho- 
cysts associated with the cilia-like projections. These tubes may fill the 
whole interior of the stalk ( Epistylis ) or the periphery only, leaving the 
center empty ( Zodthamnium ), or may be reduced to short lengths 
arranged in a spiral on the inside of the stalk wall (V orticella ) . 

Among the stalked Peritricha, the family Epistylidae is characterized 
by the noneontractile stalk. Some genera are solitary as Rhabdostyla , 
resembling a single Epistylis , and Pyxidium , resembling an Opercularia 
individual. Epi-stylis (Fig. 66 A) and Opercularia (Fig. 65/7, J ) form 
branching colonies with stiff stems, fastened to various objects. Each 
bell of Epistylis resembles a Yorticella , but in some species the adoral 
zone encircles the peristome several times (Fig. 66C). Opercularia 
(Fig. 65/) differs in the stalked peristome and delicate membrane border- 
ing the large vestibule. The family Vorticellidae is distinguished by the 
spiral muscle band (spasmoneme) of the stalk. This consists of a band of 
myonemes enclosed in a larger sheath continuous with the pellicle of the 
bell and fastened in a spiral course to the inner surface of the wall of the 
stalk. The family includes the solitary Yorticella (Fig. 65 B) with numer- 
ous species, some epizoic on tadpoles, etc.; and the colonial genera 
Zodthamnium (Fig. 66/?) with spasmonemes continuous throughout the 
colony so that all the bells contract together, and Carchesium (Fig. 65/T), 
in which each bell has a separate spasmoneme. The family Yaginicolidae 

Fig. 65.— Hypotricha. Peritricha. A. Euplotes, from life. B. Yorticella, from life. 
C—E. Stages of fission of Yortxcella, from life. F . Yorticella in conjugation. {After Kent 
1881.) G. Yorticella contracted, from life. H. Colony of Opercularia. J. Single individual 
o same, from life. K. Small part of a colony of Carchesium, showing mvoneme arrange- 
ment. ( After Conn. 1905.) L. Peristome of Yoriicella. ( After Noland and Finley. 1931. ‘ 
1, adoral zone; 2. micronucleus: 3, peristome; 4, macronucleus; 5. contractile vacuole* 6 
frontal cun ; 7. ventral cirri; 8. anal cirri: 9, caudal cirri; 10, myonemes; 11, vestibule* V 
coiiar; 13, cytopharynx; 14, inner circlet of adoral aone; 15, outer circlet: 16. reservoL. ' 
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comprises several genera such as Vagimcola, Pyxicola, and Cothurnia 
(Fig. 10CO, which live alone or in couples in delicate tectinous cases 
fastened directly ( Vaginicola ) or by a short stalk ( Cothurnia ), and closab e 

by a lid in some forms (Pyxicola). 

New colonies arise in the following manner. Bells (any bell in mos 
species, only certain bells in a few, see below) develop a posterior ciliary 
girdle, detach from their stalks, and swim away. On finding a suitab e 
spot, each attaches, loses the posterior girdle, grows a new stalk, and gives 
rise to the entire colony by repeated fissions of itself and its daughters. 
One of each pair of fission products grows a new stalk, and the old stalk 
also lengthens. As the fissions take place in a definite way, a certain 

colony shape with a specific pattern of branching results. 

In a few colonial Peritricha, Sysiilis and certain species of Zootham- 
nium, the bells of the colony show a remarkable degree of differentiation. 
Conditions in Z. alternans (Fig. 66 B) have been described by Faur6- 
Fremiet (1930) and Summers (1938). The colonies are founded by the 
large median axillary bells, which detach and swim away as migratory 
ciliospores. After swimming for several hours, these attach by the 
scopula, grow a new stalk, and divide unequally into a larger bell, which 
becomes the terminal macrozooid, and a smaller bell or microzooid . The 
latter at its first fission gives rise to a median axillary microzooid and a 
branch microzooid. The branch microzooid and its daughters form the 
first branch. The terminal macrozooid continues to elongate and at its 
second fission again produces a larger macrozooid and a smaller micro- 
zooid, and the latter again divides into a median axillary microzooid and 
the second branch microzooid. These processes take place in such a way 
that successive branches alternate. A macrozooid always remains at the 
summit of the axis of the colony but grows smaller with repeated fissions. 
The median axillary microzooids may divide once; only they or their 
immediate daughters become migratory ciliospores, as a rule. Only the 
terminal macrozooid, of which each colony has one, becomes a macro- 
conjugant. The microconjugants are transformed terminal microzooids 
of the branches. Each colony thus consists of four kinds of individuals: 
the single terminal macrozooid; the median axillary microzooids, which 
can become migratory ciliospores ; the terminal branch microzooids, which 
resemble the macrozooid morphologically and can metamorphose into 
microconjugants; and the ordinary vegetative microzooids, some of which 

terebellae. ( After Faure-Fremid , 1920.) E. A free-swimming type of Peritricha, Tdo- 
trochidium, from life. F. Spirochona gemmipara. G. Enlarged view of peristome. (After 
R. Hertwig, 1877.) H. Trichodina . ( After Conn, 1905.) 1, adoral zone; 2, median axil- 

lary microzooids (become migratory ciliospores); 3, myoneme; 4, macronucleus; 5, cyto- 
pharynx ; 6, peristome; 7, vestibule; 8, posterior circlet of cilia; 9, supporting ring of adhe- 
sive disk; 10, terminal macrozooid (becomes macroconjugant) ; 11, terminal branch micro- 
zooids (become microconjugants). 
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may also become ciliospores or microconjugants. The experiments of 
Summers have shown that if the ter min al macrozooid or terminal branch 
micro zooids are cut off, adjacent bells will assume their functions and 
morphology. These results indicate that the bells of the colony do not 
differ qualitatively but that their functions and morphology result from 
position and other correlative factors. The terminal macrozooid 
exercises a controlling influence on the colony, chiefly of a restraining 
nature. When it conjugates, this control diminishes, so that branches 
below the conjugant grow out of all proportion. The fate of conjugant 
macro zooids is not clearly known. After a quiescent period they divide; 
one of the daughters remains as the terminal macrozooid and the other 

possibly becomes a migratory ciliospore. 

13. Order Chonotricha. — This is a small group of ciliates often placed 

in the Peritricha to which, however, they bear no close relationship. They 


are exclusively epizoic on the gills of amphipods, to which they are fastened 
by a basal disk or by a stalk. The body is vase-shaped and has a funnel- 
like ciliated peristome often spirally coiled (Fig. 66 G).. There is no adoral 

Asexual reproduction occurs by the formation of lateral buds. 


zone. 


In conjugation adjacent individuals fuse by their peristomes and one 
absorbs the other; the nuclear changes are insufficiently known. The 
principal genus is Spirochona (Fig. 66F, G), common on amphipods m 


fresh and salt waters. 


CLASS SUCTOKIA 

The Suetoria, also called Acineta, are devoid of cilia or other locomotor 
organelles in the adult stage and lack a mouth, being provided with 
tentacles for food capture and intake (Fig. 67). They are rounded, oval, 
inverted conical, or branched sessile protozoans, fastened directly or by a 
stalk to objects or often to other animals. Several genera are provided 
with a delicate case. The stalk is secreted by a scopula as m the Pen- 
tricha. The tentacles spring from the whole surface or from the ; free en 
(Fig 67 5, F) or occur in groups (Fig. 67A, H) and have knobbed (Fig. 
675) or pointed (Fig. 67 F) ends. They consist of an outercontractile 
sheath which probably contains very fine myonemes and is thrown mt 
folds on contraction, and an inner stiff tube, which extends deeply mt 
the general entoplasm. The knob when present is permeated with fine 
radial canals. The food consists of small animals, such as protozoans 

which adhere to the tentacle ends when they happen to stnk 
them (Fig. 670 and are paralyzed by a toxic secretion from the tentacle^ 

Their contents are then sucked in by way of 
not known how the suction is produced. 

contractile vacuoles, a single oval, elongated or branched (Fig. 67A, O 
macronucleus, and one to several micronuclei. 
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Encystment is common, occurring when food is scarce. Asexual 
reproduction takes place by exogenous or endogenous budding with the 
production of a ciliated young, called an embryo. In the most primitive 
case, exemplified in some species of Podophrya, the entire suctonan with- 
draws its tentacles, develops cilia, and leaves its stalk as a ciliated 
protozoan resembling a holotrich with longitudinal rows of cilia. In 
other cases of exogenous budding, the distal half of the animal may 
absorb its tentacles, put out cilia, and swim off; or a number of small 
elevations may sprout from the distal surface, become ciliated, and con- 
strict off as ciliated embryos as in the Ephelotidae (Fig. 67 F). In 
internal or endogenous budding (Fig. 67 D), a space, the brood chamber, 
appears in the interior of the suctorian, either by invagination from the 
outside or by a split, and, into this chamber, adjacent cytoplasm pro- 
trudes and develops into a ciliated embryo, sometimes several, released 
by a sudden evagination. In all budding processes the nuclei behave as 
in the ordinary binary fission of eiliates. The macronucleus extends into 
each bud (Fig. 67G) and divides directly while the micronuclei undergo a 
form of mitosis. The embryos (Fig. 67 E) commonly bear several circlets 
of cilia and may also have extra tufts or groups of cilia. The future 
ventral surface may be provided with an adhesive disk. The embryos 
swim about for a few hours, fasten by the ventral surface, lose their cilia, 
and develop tentacles. In some Suctoria, in addition to the ciliated 
embryos, nonciliated vermiform buds may be given off internally or 
externally. Conjugation occurs by the adhesion and eventual fusion of 
two adjacent suetorians with nuclear changes as in typical eiliates. 

The suetorians are very common everywhere in fresh and salt water, 
often as ectocommensals of a variety of animals. In Acineta (Fig. 67 H), 
the knobbed tentacles are grouped into two, sometimes three, clusters, 
while the otherwise similar Paracineta (Fig. 67 B) bears them all over the 
distal surface. Podophrya, of fresh water, with the same general appear- 
ance, has knobbed tentacles distributed over the entire body. Ephelota, 
and related genera, often epizoic on hydroid stems, are characterized by 
two sorts of tentacles, the pointed grasping kind and some short knobbed 
tentacles (Fig. 67F). In Dendrosomides (Fig. 67 A) and allied genera, 
the body, stalked or not, is irregularly branched into elongate arms bear- 
ing groups of knobbed tentacles. Dendrocometes (Fig. 67 C, D) gives off 
arms whose ends branch into short pointed tentacles. The curious 
Ophryodendron (Fig. 67 J) bears a cluster of tentacles on the end of a 
highly retractile arm. Some true parasites occur among the Suctoria. 
Sphaerophrya lives in the entoplasm of various eiliates such as Para- 
mecium and Stentor and gives off ciliated embryos that develop into 
rounded suetorians with several knobbed tentacles. These attach to and 
embed themselves in new hosts and then lose their tentacles. Pottsia 



{After CoUin, 1912.) 
feeding on a ciliate 


B. ParadndOj fastened 

D. Same, forming an 







205 


THE acellular animals-phylum protozoa 

occurs on FoUiculina and Cothumia as a rounded body with four tentacles 
sunk into the host; the embryo has three girdles of cilia and two tentac ee 
by which it fastens to new hosts. Endosphaera inhabits the interior ol 
vorticelhds as a rounded organism giving off embryos by way of a canal 

through the pellicle; tentacles are not present at any stage. 

The derivation of the Suctoria from ciliates is clearly indicated by 

their dimorphic nuclei and ciliated young and by the occurrence of con- 
jugation. They are usually considered to be related to the Peritncha 
from their possession of scopula and stalk and the arrangement of the 
cilia on the embryos into several circlets. Kahl, however, has recently 
maintained (1931) that they derive from primitive Holotricha of the 
Prorodon type by way of such ciliates as Adinobolina ( = Adinobolus) a 
curious holotrieh that can put out tentacle-like extensions supported by 
an internal fiber and employed in “fishing” for food. The animal can 
withdraw the tentacles by rolling up the fibers in its interior, and it then 
swims about like an ordinary ciliate. Relation to Holotricha is further 
indicated by the ciliary arrangement on the embryos of the most primitive 
Suctoria such as Podophrya, where the cilia occur in longitudinal rows, not 

in girdles. 



IX. GENERAL AND PHYLOGENETIC CONSIDERATIONS 

Among the Protozoa there occur all grades of differentiation from the 
simple construction and indefinite form of the amoeboid rhizopods to 
the complicated morphology of the hypermastigote flagellates and the 
spirotrichous and peritrichous ciliates. It seems clear that differentiation 
begins with the stiffening of the ectoplasm, which then confers definite 
form and symmetry upon the animal and leads to anteroposterior differ- 
entiation. With the presence of a hardened surface, some provision must 
be made for food intake, and there appear first a simple mouth opening 
and later the complicated devices seen among the ciliates, especially 
those which feed by producing water currents. Such mecha nisms reach 
their height among the spirotrichous and peritrichous ciliates with their 
peristomes, zone of membranelles, and cytopharynx with its special 
ciliation. The current type of feeding seems to lead gradually to a sessile 
life as exemplified in some of the Heterotricha and in the Peritricha. 
Along with food-catching elaboration there frequently occur other 
differentiations, such as the formation of myonemes and fibrils of one 

internal bud. E . The bud escaped. ( After Pestd , 1931.) F. Ephelota gigantea , giving off 
exogenous buds. ( After Noble, 1929.) G. Ephelota gemmifera , with buds, showing branch- 
ing nucleus. ( After Collin, 1912.) H. Acineta, with two bunches of tentacles. ( After 
Kent , 1881.) J. Ophryodendron. (After Collin , 1912.) 1 , tentacles; 2, macronucleus; 

3. bud. 
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sort and another. Only one group of ciliates, the Hypotricha, has 
specialized along the line of more efficient controlled locomotion; there 
we find powerful cirri capable of a variety of movements and probably 
operated by a neuromotor mechanism. The flagellates contrast with 
the ciliates in the slight differentiation of food-taking structures, and they 
seem on the other hand to have undergone elaboration in the way of 
kinetic elements. The numerous flagella of the polymastigote and hyper- 
mastigote flagellates are presumably an adaptation for locomotion in the 
thick contents of the digestive tract. 

It is now generally accepted that the Flagellata stand at the bottom 
of both the plant and animal kingdoms. It has been seen that the green 
flagellates, such as euglenoids and Yolvocales, are practically inseparable 
from green algae, which may be regarded as derived directly from the 
holophytic flagellates. Such groups as the chrysomonads form a con- 
tinuous series with filamentous brown algae many of which give off 
swarmers identical in structure with Chromvlina and Ochromonas. 
Within any of the holophytic flagellate orders, colorless a n i m al forms 
may arise by loss of chloroplasts, and by further loss of the flagella typical 
rhizopods appear. Some flagellates have adopted a parasitic mode of 
life with sporulation as a method of asexual reproduction, thus. suggesting 

affinities with the Sporozoa. 

The flagellates themselves appear to be a heterogeneous assemblage 
of groups that have probably arisen from a number of different sources, 
possibly bacteria and spirochaetes, many of which are provided with 
flagella. The arrangement into orders is a more or less arbitrary matter. 
Some of these orders are well-defined and center about typical members; 
but as has been seen there are many species whose placing in the recog- 


nized orders is very difficult. % 

The rhizopods like the flagellates constitute an arbitrary assemblage 

of forms having in common the pseudopodial method of locomotion and 

food capture. It is probable that the various orders of rhizopods have 

arisen independently from different groups of flagellates, i.e., the class is 

nolvphyletic. In particular the Chrysomonadina seem to be ancestral to 

several tvpes of rhizopods; some by loss of flagella and chromoplasts 

become naked Lobosa and others by developing axopods lead to the 

Heliozoa whose flagellate affinities are further displayed by the heho- 

flagellates. The Foraminifera are evidently related to the shelle 

Loboda from which in fact some of them can scarcely be distinguished. 

The Radiolaria are more sharply defined than most other rhlZ ^°^ 

“S Sth the Radiolaria and the Foraminifera occur as fossds 
in the oldest rocks and have undergone but slight morphological chang 
since those remote periods. 
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The Sporozoa again are a heterogeneous group of which the different 
orders have probably had separate origins. The Telosporidia seem to 
constitute a natural assemblage for which many authors assign a flagellate 
ancestry because of the flagellate form of the sporozoites and the presence 
of flagella on the microgametes, those of the Haemosporidia resembling 
protomonads. The schizogregarines are considered the most primitive 
group of the Telosporidia from which the eugregarines have been derived 
by loss of the schizogonic c} r cle. There seems little doubt that the 
coccidians have originated from the gregarines as indicated by the very 
similar mode of sporogony in the Adeleidea and the gregarines, in both 
of which groups the gamonts encyst together in couples. Many authors 
further mention Selenococcidium (Fig. 480- T) as a link between the 
gregarines and the coccidians. This form has extracellular, worm-like 
schizonts, like those of the schizogregarines. The close relationship of the 
Haemosporidia to the Eimeridea is indicated by the similarity of their life 
cycles, which differ chiefly in the loss of cyst walls in the former through 
transmission by way of an intermediate host, avoiding exposure to 
external conditions. The haemosporidian habit of dwelling in the blood 
stream may be seen originating in the blood coccidians (haemogregarines) 
which parasitize the endothelial cells of the blood vessels or of highly 
vascular organs. At first only the gamonts parasitize the blood corpuscles 
but in Haemogregarina all stages have come to occupy the blood cells, and 
there is a loss of cyst walls as in the Haemosporidia. The relations of 
the remaining groups of Sporozoa are very obscure. The amoeboid form 
of the sporozoites suggests a rhizopod ancestry. The nature and origin 
of the polar capsules of the Cnidosporidia are unsolved questions, but it 
may be pointed out that certain flagellates have quite similar cnidotricho- 
cysts (Fig. 25 G). 

The Ciliata differ so markedly from the other Protozoa in their posses- 
sion of cilia, nuclear dimorphism, and sexual phenomena that their 
relation to them remains problematical. The relation of the opalinids 
to the Euciliata is equally enigmatic, although it has been suggested that 
the opalinids are not ciliates at all but hypermastigotes whose flagella 
have been shortened down to ciliary length. Within the Euciliata, the 
simpler Holotricha with a complete uniform ciliation and simple terminal 
mouth presumably represent the original forms from which the other 
groups have diverged along many lines by loss and specialization of the 
cilia and elaboration of the food-catching mechanism. 

The Protozoa as acellular organisms compare favorably with the 
lowest multicellular animal s. They may have one or more layers of 
myonemes that correspond to the muscle sheath of coelenterates, they 
may have a system of ectoplasmic fibrils conductile in nature, the 
ophryoscoiecids could almost be said to possess a digestive tract, com- 
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posed of mouth, cytopharynx, entoplasmic sac, rectal tube, and anus 
(page 195), and sensory bristles and a highly differentiated photoreceptor 
may be present. Complete sexual differentiation is attained within the 
phylum and many forms even exhibit the equivalent of embryonic 
development, giving off, as in dinoflagellates and suctorians, young that 
resemble an ancestral form and must pass through a series of changes 
before they attain the adult morphology. 
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CHAPTER IV 

PHYLUM MESOZOA 


1. Introduction. — Discovered in 1839, the Mesozoa have since con- 
stituted a taxonomic puzzle. Formerly serving as a sort of catchall for a 
variety of small enigmatic animals not assignable to any of the regular 
groups, the Mesozoa with increased knowledge emerge as an assemblage 
with well-defined and rather remarkable characteristics. These features 
are such that the Mesozoa cannot be included in any other phylum but 
whether their peculiarities are primitive or the result of parasitic degenera- 
tion cannot be decided. Van Benedem one of the leading students of the 
group, took the former view, r egard ing these animals as intermediate in 
structure between P rotozoa and Metazo a, and therefore invented for them 
the name Mesozoa, in 1877 . Hatschek (1888) noted the similarity of their 
structure to that of the planula larva of coelenterates, altered the name 
to Planuloidea . and treated them with coelenterates. Most zoologists 
regard them as deg enerate flatworm s and hence append the Mesozoa to 
the phylum Plat yhelm int.hps. 

The Mesozoa in general have a solid tvro-layered construction, but 
their two layers do not correspond to the ectoderm and .ento derm of 
Metazoa, for the inner layer (often comprising a single elongated cell) 
has no digestive functions. It is reproductive and gives rise to agametes. 
Therefore it can be said that structurally the Mesozoa have norreache 
the stage of a gastrula (with entoderm) but have remained at the stage 
of a morala or s tereobl aslula^whence Hartmann’s name M oruloidea j As 
far aslheiranatomy is concerned, the Mesozoa are certainly simpler than 
any other Metazoa, but as already intimated this simplicity is probably 
not primitive. Q’he Mesozoa also stand alone among cellular animals 
in that they reproduce by means of agametesA 

2. Definition. — The Mesozoa are cellular nndoparasites that during 
all or part of the life cycle are composed of an outer cell layer or syncytium^ 
enclosing one or more reproductive cells. They have a complicated life 
cycle involving an alternation of asexual and sexual generations. The 
phylum is divided into two orders, the Dicyemida or Rhombozoa and the 
Orthonectida.^ These are united into the class Moruloidea by Hartmann. 

3, The Dicyemida. The dicyemids are very common parasites, 
known since 1839, in the neghridia of cephalopod mollusks (squids and 
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octopuses). The ordinary form of the parasite or primary nemaJzgai 
(Fig. 68C) is a minute vermiform ciliated animal, up to 6 or 7 mm. long, 
composed of a limited and definite number of cells, usually not more than 
25. These cells comprise an outer ciliated layer and a single elongated 
internal cell (Fig. 68 E). As the terms ectoderm and entoderm cannot be 
employed with regard to the Mesozoa, the outer cells are called the 
peripheral or somatic cells or somatoderm and the inner cell is termed the 
dxZaTcdL The body can be roughly divided into a slightly distinct 
anterior end or head _ and an elongated trunk. The somatoderm of the 
head consists of eight or nine polar cells (Fig. 68D, O-Q ) disposed in two 
tiers termed the volar cap o r calotte - These polar cells may be radially 
arranged or may be displaced “vent rally ’j/and then exhibit bilaterality. 
The most anterior trunk cells, next to the polar cells, hence termed para- 
polar cells , usually two in number (Fig. 68C), are intermediate in size and 
appearance. The remaining trunk cells, about 10 to 15 in number, 
definite for each species, are large highly vacuolated cells provided with 
long cilia and often containing inclusions. C I n Pseudicyema truncatum 
(Fig. 68C, E) there are 14 trunk cells, of which the last two ( uropolar cells) 
are rich in inclusion! The axial cell is a very elongated cylindrical or 
fusiform cell, also with a highly vacuolated cytoplasm (Fig. 68 E). It is 
originally uninucleate (Fig. 68J) but soon undergoes a sort of endogenous 
division and becomes filled with germ cells that in the nematogenic 
stage are always agametes. The cytoplasm of the axial cell and some 
of the nuclei retain a vegetative function and serve to nourish the 
agametes. 

The typical dicyemids have been classified by Nouvel (1933) into 
three genera. In Dicyema (Fig. 680), the polar calotte consists of two 
tiers of four cells each, arranged oppositely. Pseudicyefna (Fig. 68D, P) 
has also eight polar cells, but the two tiers alternate, and in Dicyemennea 
the second tier is made of five cells (Fig. 68Q). Gersch (1938) doubts the 
validity of the genus Pseudicyema. 

^Despite the efforts of several prominent zoologists, the life cycle of the 
dicyemids has not yet been elucidated. In modem times, three accounts 
have been published, that of Hartmann (1907) that of Lameere (1916- 
1922), and that of Gersch^(1938) . These accounts differ in certain 
important particulars, and it is now clear that Hartm ann was in error in 

divided; H, the larger cell is being enclosed by the progeny of the smaller cell; J t continua- 
tion of enclosing process; K , optical section, the larger or axial cell completely enclosed 
has given rise to an agamete; L, later stage, axial cell with two agametes; M, young nema- 
togen, entire view, all cells complete. N. Rhombogen stage of a dicyemid, with verruci- 
form cells (. Dicyema typus from the Octopus). O-Q. Heads of the three typical dicyemid 
genera. 0, Dicyema; P, Pseudicyema; Q, Dicyemennea. (A, B, after Lameert, 1916; C-N, 
after Whitman , 1882; O-Q, after Nouvel , 1933.) 1, polar cap; 2, para polar cells; 3. axial 
cell; 4, trunk cells; 5, agamete; 6, vegetative nucleus; 7, uropolar cells (peculiar to P. 
truncatum); 8, verruciform cells. 
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several matters. 1 Gerseh has verified the findings of Lameere (1916) and 
Nouvel vl933) that the infusoriform stage is an asexual larva, not a 
but differs from Lameere and Hartmann in his interpretation of the 
infusorigens. Lameere and Xouvel worked with P seud icy ema truncation 
(Pig. 6SC\ common in the kidneys of the European s4uid. Sepia officinalis, 
ar^l Gerseh studied chiefly Dicyema typus from the octopus. 

/ According to Lameere. the earliest stage, found in the kidneys of very 
young squids, is a ciliated larva with eight polar, three parapolar. seven- 
teen somatic, and three axial cells v Fig. 6SA). Each of the axial cells 
contains two nuclei, one a vegetative nucleus and the other generative. 
The latter soon acquires cytoplasm and separates as a germ cell, really an 
agamete. The larva grows into an elongated v ermifor m individual called 
bv Lameere the stem nematogen tTig. 6 SB). It has the same number and 
arrangement of cells as the larva, but the agametes have multiplied to 
form groups of cells that develop inside the stem nematogen into ordinary 
nematogens (Pig. 6SC). Gerseh denies the existence of the stem 
nematogen and maintains that the earliest parasites seenjnjnry young 
cephalopods are identical with the ordinary nematogens* 

The ordinary nematogens '.Fig. 6SC) as already described have eight 
or nine polar, two parapolar. one axial, and 10 to 15 somatic cells. The 
axial cell alreadv contains a number of agametes ( axoblasts of Gerseh), 
which arise as follows. The nucleus of the axial cell divides; one daughter 
remains as the nucleus of the axial cell; the other becomes the progenitor 
of all the agametes and multiplies by repeated fissions. Eventually each 
agamete begins to develop into a nematogen. In this development no 
indication of any maturation process has been observed by any of the 
authors. Hence these cells are agametes and not parthenogenetic eggsT. 
The development of an agamete into a nematogen (Tig. 68 F-M) is a 
simple process resembling the cleavage of an egg. The agamete divides 
into two unequal cells Fig. 6SF>: the larger cell becomes the axial cell; 
the -mailer one divides to form all the somatic cells, and these gradually 
enclose the axial cell 'Fig. 6SH-K). The axial cell soon divides into two 
unequal cells of which the smaller tx-comes the progenitor of all the 
agametes. When the nematogens have completed their differentiation, 
thev leave the mother nematogen and wander about in the kidney 
fluid. Each one soon gives rise within itself to another generation o 

nematogens. 


i The author cannot help remarking on the way m which the German workers 

have treated the French investigators. Hartmann and other ,^ rmsI ^ 0, ^ n 
ignored the French work and continued to present Hartmann s erroneous 
lone after Lameere had mamtamed that the infusoriform type was a lan^t » 
Gerseh throughout his paper continually belittle, the work 

errors, and attempts to exaggerate the onginahty of his own tmainga 
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The production of nematogens continues throughout the growth of 
the host but ceases when the host attains sexual maturity, and the para- 
site then assum es a new form termed a rhombogen (Fig. 68A r )- The 
rhombogens may arise by direct transformation of nematogens (then 
called secondary rhombogens) or may come from agametes inside the last 
generatioiToF nematogens {jprimary rhombogens). Nematogens and 
primary and secondary r hombogens have the same essential structure 
and the same numbers and arrangements of cells but differ in their cell 
inclusions and in the type of offspring they produce. In rhombogens 
some of the somatic cells become packed with inclusions of the nature of 
yolk (lipoprotein balls) and glycogen and then often project conspicuously 
as the so-called verruciform or wari-like cells (Fig. 68 jV)- The agametes 
of the axial cell of rhombogens no longer develop into nematogens; 
many of them degenerate but some cleave in the same manner as for 
the formation of nematogens. However, after a ball of cells has been 
produced, the development ceases and the outer cells round up and 
separate off, while the central cell continues to produce more outer cells, 
and these again separate. 

The nature of these cell balls o r clusters inside th e rhnmhogen, which 
will be called infusorigens ^^ remains the chief point of dispute in the 
various accounts. According to Hartmann , the infusorigens are 
females, and the cells that separate from them are true eggs that 
undergo maturation and must be fertilized. According to Lameere, they 
are hermaphrodites; the surface cells are eggs as in Hartmann’s account, 
but the” centraTcelHs a mother spermatogonium that divides into several 
spermatogonia, and these undergo^ an ordinary spermatogenesis. Gersch 
asserts that the infusorigens are degenerate nematogens without any 
sexual character. It seems probable that Gersch 7 s mew is correct. 1 

The cells that are given, off from the surface of the infusorigens, 
termed pseudo-eggs by Gersch, cleave to form a ball of cells that differ- 
entiates into a free-swimming ciliated larva, the infusoriform larva, or 
swarmer of Gersch trig- 69.4, g-T). These larvae were erroneously con- 
sidered by Hartmann to be males. Lameere, Nouvel, and Gersch all 
agree that they are nonsexual larvae that function to spread the parasite 
to a presumably intermediate host. 

The infusoriform larva (Fig. 69C, D ) is of short oval form, covered 
externally by several large ciliated cells and two uneiliated anterior or 
apical cells ] each apical cell contains a very large refringent body, shown 
by Nouvef to consist of uric acid. yThe interior cells of the larva are 
termed the urn and comprise four granular central cells held by two curved 
capsule celL^/and bounded anteriorly by a small cavity covered by four 
ager cells and two small ciliated cells situated under the two apical cells. 
The central and capsule cells are filled with granules and spherules of the 
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Fig. 69. — Dicyemids (continued). .4. Diagrammatic view of part of the axial cell 
of a rhombogen showing formation of an infusorigen: a, vegetative nucleus; f>, agamete; c, 
division of agamete into future central and surface ceils; d , further cleavage; e, completed 
infusorigen, considered female by Hartmann, hermaphrodite by Lameere, degenerated 
nematogen by Gersch. B. Part of axial cell of a rhombogen showing development of tue 
infusoriform larva: /. agamete from surface layer of infusorigen; g , first division of same; 
h later cleavage stage, J, completed infusoriform larva; k, degenerating infusorigen, 
breaking up into cells. .4 and B , (after Hartmann, 1907). C. Genera! v!ew and 2). 
horizontal section of the infusoriform larva of the dicyemids. ( After A outd, 1933J 
E-H Con ocy-'ma pdymorpha {after ran Beneden, 1882). E, mature nematogen filled 
with embrvos of nematogens; F. one of the embryos enlarged; G, transformation of embryo 
into a nematogen- H y rhombogen stage containing infusoriform embryos. 1, outer ceus, 
2 centTceU “permatogoniil of Lameere); 3. somatoderm of rhombogen; 4, pseudo- 
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nature of food reserves (the large black balls in Fig. 69C are yolk spheres). 
The infusoriform larvae leave their mother rhombogens and escape from 
the host into the sea water. Their further history' is unknown, but it 
is to be presumed that they enter some intermediate host in which the 
sexual phases of the life cycle occur. It is also not known how young 
cephalopods become infected. 

After having given off a succession of pseudo-eggs, the infusorigens 
degenerate and according to Gersch. the rhombogens also degenerate. 
In earlier accounts it was stated that the rhombogens might again func- 
tion as nematogens and that the last pseudo-eggs may develop into 


nematogens. 

If Gersch’s account is correct, the entire cycle of the diej'emids in their 
eephalopod hosts is asexual, and the sexual phases, if they occur, must 
take place in some other animal. 

Besides the typical dicyemids to which the foregoing account is 
applicable there are two species, known as heterocyemids, that differ 
considerably from the former. Thej r are rare parasites of the kidneys of 
cephalopods. One of them, Canoq/ema polymorpha from the octopus, 
is known chiefly from the researches of van Beneden (1882). The 
nematogen (Fig. 69F) is unciliated and has four large polar cells filled 
with inclusions and a trunk composed of an axial cell enclosed in a few 
flat somatic cells. The axial cell contains the usual agametes and 
developmental stages. The agametes give rise directly to ciliated larvae 
(Fig. 69 F)j which have an axial cell, four polar cells, and several somatic 
cells. They transform directly into adult nematogens (Fig. 69(7) 
through the alteration of the polar cells and the loss of cilia. The 
rhombogen (Fig. 69 H) lacks polar cells and consists of a thin layer of 
somatic cells and a large axial cell filled with infusoriform larvae in 
various stages of development. The infusoriform larvae are identical 
with those of typical dicyemids. 

The other heterocyemid, Microcyema vespa, from Sepia, has been 
studied extensively by Lameere (1916). The earliest stage in Sepia is a 
ciliated form with three axial cells, practically identical in appearance 
with the same stage of the typical dicyemids (Fig. 68A). This transforms 
directly into a stem nematogen (Fig. 70A) by loss of cilia and the cell 
walls of the somatic layer. The stem nematogen is thus an irregular 
form with a syncytial layer over the three axial cells. The axial cells 
contain agametes and developmental stages, and these develop into 
ciliated larvae (Fig. 70 B) composed of ten somatic cells enclosing one 


eggs; 5, polar cells; 6, anal cell; 7, trunk cell; 8, embryo of nematogen; 9, agametes* 10 

mfusonform larvae; 11, refringent body of apical cells; 12. ciliated cover cells of urn 1 13* 

capsule cells of urn; 14, cavity of urn; 15, central cells of urn; 16, mitochondria- 17 iim! 
protein balls. * ' U P°“ 
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axial cell. The somatic layer of the larva becomes amoeboid and 
syncytial (Fig. TOC), and the larva passes into an amoeboid phase (Fig. 
TOD). These amoeboid forms are young nematogens and grow into the 
typical nematogens (Fig. TOE) with a syncytial somatic layer over a 
single axial cell./ The nematogens produce not only larvae of the type 
of Fig. TOB but Saiso larvae of the type of Fig. TOF, known from their 
discoverer as TTagener’s larvae. Wagener’s larva attaches to the host 
tissue by its anterior cilia and transforms into a nematogen by way of 
stages illustrated in Fig. TOG and HU Thus, in Microcyema, nematogens 
come from either larval type, but inose derived from Wagener’s larvae 
give rise only to such larvae. The rhombogens are very like the 
nematogens and produce infusorigens and infusoriform larvae as in the 
typical dicyemids. 

Gersch claims that the heterocyemids are merely degenerative stages 
of the dicyemids. However, the details that have been described for 
them can hardly be disposed of in this manner, although no doubt there 

are errors in the existing accounts. 

The biology of the dicyemids has been studied by Nouvel (1933). 


The younger stages swim about in the fluid of the host kidneys, but the 
mature forms adhere by the cilia of the polar cap to the spongy kidney 


tissue. They do not damage the host tissue and appear to be harmless 
inhabitants of the kidneys. They presumably absorb nutritive sub- 


stances such as albumin and amino acids known to be present in the 


nephridial fluid of cephalopods, and in addition their somatic cells 
phagocvtize and digest particulate matter, such as the host s spermatozoa, 
found in this fluid. During their growth, the nematogens accumulate 
protein bodies in their somatic cells, and during the rhombogen stage 
these protein reserves become charged with lipoids of the nature of 
lecithin and so form yolk material. The verruciform cells are simply 
somatic cells enlarged through the accumulation of such lipoprotein 
bodies. Glycogen is also present in abundance in the somatic cells of the 
rhombogen. These food reserves in the rhombogen are utilized in the 
formation of the infusoriform larvae that when mature contain protein 
granules in the central cells of the um, lipoprotein balls in the capsule 
cells, and much glycogen in the surface ciliated cells. Glycogen also 
occurs in young nematogens. These reserves are utilized in the swim- 
ming activities of young nematogens and infusoriform larvae. It is 
probable that anoxybiotic respiration obtains in all stages except e 
infusoriform larvae, which require oxygen. Other stages probab y 
metabolize gycogen with the liberation of lactic acid. Mitochondria 
occur abundantly in the somatic cells at all stages, and vacuoles 
stainable <rith neutral red are concerned in the accumulation of protein 

reserves. 
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Fig. 70. — Microcyema, orthon ectids. A. Microcyema teepa, stem nematogen. B. 
Larva of same. C. Amoeboid phase developed from B. D. Young nematogen. amoeboid 
stage. E. Mature nematogen. P. Wagener’s larva. G and H. Stages of development 
of Wagener’s larva into a nematogen. ( After Lame ere, 1916. 1917. except P, after tan 
Beneden , 1882.) J. Male pi asm odium of Rhopalura ophiocomae from a brittle star. 
H-P. Stages of development of male of same; Q, fertilisation of same species. K External 
view of female. L. Longitudinal section of female. Af. External view of male of R. julini 
from an annelid. ( J . A’-P. K-M. After Caullery and Mesnd, 1901; Q, after CauUery and 

Losofie* 1908 ) 1, trunk syncytium; 2. axial cells; 3. agametes and embryos; 4, vegeu*. 

trve nucleus; 5. plasmodium ; 6. male; 7. testis; 8, female; 9. ovocytes. 
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4 . The Orthonectida. — The orthonectids are rare parasites found in 
the internal spaces and tissues of various invertebrates — flai worms, 
nemerteans, brittle stars, annelids, and a clam. (The several species 
belong with one exception to the genus Rhopaluraf The asexual stage 
or agamont differs widely from that of the dicyemids. It consists of a 
multinueleate amoeboid plasmodium (Fig. 70J) spread in the tissues and 
spaces of the host where it may effect considerable damage. ^Thus the 
plasmodia of R. granosa, found in the clam Heteranomia, and\R. ophio- 
comae in the brittle star destroy the gonads of their hostsj^ The plasmodia 
reproduce by simple fragmentation for a time and then give rise asexually 
to males and females. Usually a plasmodium produces only one sex, but 
in some species both sexes come from the same plasmodium and in others 
the sexual forms are hermaphrodites. The sexual individuals arise from 
certain nuclei of the plasmodium that become encircled with cytoplasm 
and then constitute agametes (Fig. 70 J). These cleave to form a morula 
(solid blastula or stereoblastula) of which the outer cells differentiate into 
the somatoderm of the sexual adults and the inner mass of cells becomes 

the primordial sex cells (Fig. 70iY, 0). 

The sexual forms bear some resemblance to dicyemid nematogens. 
They are minute elongated (Fig. 70 K) or oval (Fig. 71.4 ) ciliated animals, 
the males (Figs. 703/, 715) about 0.1 mm. long, the females two or three 
times longer than the males (Figs. 70 K, 71.4). They consist of an outer 
ciliated epithelial layer and an inner cell mass. The outer layer or 
somatoderm is composed of many small cells and is marked off into rings 
through the occurrence of circular grooves at intervals (Figs. 70 K, M and 
714 , B). These rings may consist of one, two, or more rows of cells. 
They are constant for each sex of each species, (but vary in different 
species from about 5 up to 50 or more; the very peculiar extremely slender 
Stoecharihrum giardi found in annelids is 0.8 mm long, is composed of 
60 to 70 equal rings, and resembles a string of beads.) The rings may be o 
equal (Fig. 70 K) or unequal (Fig. 71.4) width, andAn some species broad 
and narrow rings alternate. .411 may be ciliated or some may be devoid 
of cilia frhe most anterior ring or group of rings forms an anterior cone 
on which the cilia point forward (Fig. 71.4); on the rest of the body they 
point backwards. The most posterior ring or group of rings constitutes 
the posterior cone) often clearly marked off, and, between this and the 
anterior cone, the 7 body may consist of a narrow anterior uncihated region 
of one or more rings and a longer ciliated posterior region. C Th ^ es f^ 
smaller and with fewer rings than the corresponding females (Figs. 70W, 
M and 715) but present the same general body regions, (in some specif 
refringent bodies, probably food reserves, mecur in definite situations as 

those of the anterior cone in the male in Fig. 715. * 


on 
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The interior (Figs. 70 Q, L and 71.4) differs from that of the dicyemids 
in that it consists of several to many cells, up to two or three hundred. 
In the female the interior cells may be arranged in a single row (Fig. < 0L) 
or in two or three rows or may form a mass of many cells (Fig. 71.4). 
These interior cells are all ovocytes. In the male, similarly, there is an 
internal cluster of cells that are spermatogonia and give rise to spermy 
Hermaphroditic species resemble the females of the dioecious species 

but have a testis anterior to the mass of eggsy' 

As already mentioned the sexually mature forms develop from 
again etes inside the parasitic plasmodium. When finished the sexual 
ftnima.ls escape from their host and swim about in the sea water where 
fertilization occurs by contact of the male with the female (Fig. 70Q) 
and the discharge of sperm into her by way of a genital opening present 
behind the middle. The fertilized eggs develop inside the female into 
ciliated embryos (Fig. 71C) that somewhat resemble the infusoriform 
larvae of the dicyemids. Like the latter they escape free into the sea 
water and serve to reinfect new hosts of the same kind. As shown by 
Caullery and Lavallee (1912) for R. ophiocomae, the ciliated larvae on 
penetration into new hosts apparently lose their somatic layer. The 
interior cells probably scatter, and each one apparently gives rise to a 
plasmodium. Thus the plasmodia of the orthonectids presumably 
correspond to the axial cells of the nematogens of dicyemids. 

^ 4 > .. Other Supposed Mesozoa. — Formerly a number of minute and 
peculiar animals "were assigned to the Mesozoa, but most of these have now 
been shown to belong to other groups, or else other affinities have 
been suggested for them. Thus Trichoplax and Treptoplax, which have 
the construction of planulae, were found actually to be modified planulae 
of Hydroidea. Haplozoon (Fig. 71Z>), several species of which are parasi- 
tic in the intestine of marine annelids, was made the basis of a special 
group of Mesozoa (Catenata) by Dogiel, 1908. It begins as a single cell 
provided with a stylet and a tuft of filaments as organelles of attachment , 
by repeated divisions it forms behind itself a chain of cells or a flattened 
body consisting of several straight or oblique rows of cells. The hinder- 
most of these cells are continually freed as reproductive bodies whose 
further history is unknown. It is now considered highly probable from 
the work of Chatton that Haplozoon is a parasitic dinoflagellate and that 
its division into a multicellular body is a process of colony formation 
(compare Fig. 71D with Fig. 25 L). Amoebophrya is a parasite in the 
interior of Radiolaria where it forms the so-called spiral bodies. When 
free it is a cylindrical organism encircled many times along its length by a 
spiral furrow bearing cilia. The multinucleate interior has a central and 
a peripheral space. Amoebophrya is obviously a protozoan. Nere - 
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cheimeria( = Lohmannella) occurs in the gonads of the tunicate FritiUaria 
and in its earliest stage consists of a multinucleate plasmodium anchored 
into the host tissues by branching amoeboid processes at one place. As 
the parasite grows, the nonpseudopodial side extends as a hollow conical 
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F ,o. 71 . — Orthonectids and some supposed Mesozoa. A. Rhopalura granosa .from 
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mouth; 12, anus. 

projection that becomes divided by constrictions into a series of rings 
(Fie. 71 E). These are given off as hollow spheres (Fig. 7 IF) and pre- 
sumably serve for reproduction. N eresheimeria is probably also a 
parasitic dinoflagellate allied to Paradimum, which has a multmuc. . 
amoeboid phase parasitic in cooepods and also discharges rounded 

reproductive bodies. 
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Still unclassifiable is Salinella , a minute animal 2 mm. long, discovered 
by Frenzel (1892) in a culture made from material coming from salt beds 
in the Argentine. Salinella consists of a single layer of cells enclosing a 
digestive cavity opening at one end by the mouth, at the other by the 
anus (Fig. 71G). Mouth and anus are encircled by long bristles, the 
somewhat flattened ventral surface is heavily ciliated, the convex dorsal 
surface bears sparse bristles, and the cells are also ciliated on the side 
facing the digestive cavity. The food consists of detritus digested in the 
cavity. Asexual reproduction occurs by transverse fission. What 
appeared to be a sexual process, consisting of the adherence and sub- 
sequent encystment together of two individuals was frequently observed 
but could not be followed further. The unicellular young, resembling a 
hypotrichous ciliate, seen in the culture possibly come from such cysts. 
From the rather complete description of Salinella given by Frenzel it is 
evident that this animal is not a mesozoan and does not fit into any other 
animal phylum. It seems to be most nearly allied to the Protozoa and 
possibly should be made the basis of a new phylum. It differs from all 
other knowm Metazoa in lacking interior cells but is obviously of a higher 
grade of organization than a colonial protozoan such as Volvox. Salinella 
might be regarded as an experiment in metazoan organization of a type 
different from the usual method of relegating some of the cells to the 
interior to serve as entoderm. 

6. Phylogenetic Considerations. — Concerning the affinities of the 
Mesozoa proper there are two principal views: that they have degenerated 
from one of the lower metazoan phyla and that they are truly primitive. 
With regard to the former view, only coelenterates and flat worms need 
to be considered. By some, mesozoan structure is interpreted as 
planuloid, and a coelenterate ancestry is therefore suggested. This view 
really hinges on whether the interior cells can be regarded as entoderm or 
not. Among the dicyemids the development of the various stages follows 
the same course and consists in the covering over of one cell by the others. 
This process has been likened by some zoologists to an epibolic gastrula- 
tion, while others regard such embryos as remaining at a stereoblast ula 
stage. Among the orthonectids the development of the sexual adults 
takes place by a process identical with entoderm formation by secondary 
delamination (see Chap. V). But as the interior cells never differentiate 
into functional entoderm, the Mesozoa can be said to have remained at 
a morular or stereoblast ular stage of structure. In any event, there is 
nothing about their structure or life history to suggest coelenterates, and 
the idea of coelenterate affinity has little weight today. 

Most zoologists incline to the view' that the Mesozoa are degenerate 
flatworms. This view' rests chiefly on the resemblance of their life cycle 
to that of the digenetic trematodes. In both groups there is a ciliated 
larva and there are simplified vermiform stages that reproduce by an 
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asexual method. But the trematode miraeidium comes from a fertilised 
egg and the infusoriform larva from an agamete and furthermore there is 
no structural resemblance at all between these larvae. Neither is there 
any anatomical resemblance between the orthonectid sexual adults and an 
adult trematode. It is difficult to suppose that the Mesozoa have any 
a ffin ities with flatworms, especially in view of the fact that parasitic 
animals very commonly present complicated life cycles, so that the 
occurrence of such cycles cannot be taken as evidence of relationship. 

Lameere (iy22) asserts that the Mesozoa are degenerate Echiuroidea 
but gives very 7 few grounds for this opinion. Similarities mentioned are 
the occurrence of small ciliated males in the echiuroid BoneUia and the 
like position of the female genital opening in echiuroids and orthonectids. 

Although it is not likely 7 that the simplicity of the Mesozoa is wholly 
primitive it is still more improbable that they are degenerate representa- 
tives of some higher phydum. They seem to be more nearly related to the 
Protozoa than to any 7 other phylum. Among their primitive and proto- 
zoan characteristics are the occurrence of cilia throughout most of the life 
ey 7 cle, the differentiation of the cells into somatic and reproductive cells 
only 7 as in Volvox, the endogenous position of the reproductive elements as 
in many 7 Protozoa, and the retention by the surface cells of the power of 
intracellular digestion. Complicated life cycles with alternation of 
asexual and sexual phases are of common occurrence among the Sporozoa. 

If the structural features of the Mesozoa could be shown to be original 
and not degraded, the group would be of the utmost phylogenetic signifi- 
cance, as a stage between Protozoa and Metazoa. They would furnish 
proof that the first step in metazoan organization is the relegation of 
reproductive cells into the interior, that the original metazoan had a 
solid, not a hollow construction, and that the gastraea theory of Haeckel 
is definitely erroneous. But since it is impossible to decide on existing 
evidence that the anatomy of the Mesozoa is primitive in nature, their 
taxonomic position remains problematical. They are here taken at their 
face value as of a grade of construction lower than that of coelenterates 
and are hence placed in an isolated position between Protozoa and 
Porifera. This placing should not be taken to confer upon the Mesozoa 
any especial phylogenetic significance, although the author believes that 
their characters are in the main primitive and not the result of parasitic 

degeneration. , . , , 

Finally it is clear that the Mesozoa constitute a well-defined group and 

should no longer be regarded as a convenient dumping place for any 
peculiar organisms of uncertain affinities 
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CHAPTER V 


INTRODUCTION TO THE LOWER METAZOA 

L ORIGIN OF THE METAZOA 

No direct proof exists of the origin of the Metazoa from the Protozoa, 
but such origin besides being necessitated by the principle of evolution is 
strongly indicated by the facts of embryonic development, in which each 
metazoan passes from an acellular to a cellular condition. There are two 
principal wax's in which the Metazoa might have been derived from the 
Protozoa: first, by the appearance of cell boundaries in a multinucleate 
syncytium; and second, by colony formation. Both views have been 
advocated by various prominent zoologists, but the former has met with 
little acceptance because of a lack of supporting evidence, the latter 
is generally held, since it accords best with the facts of embryonic 

development. 

The following types of colonies occur among the Protozoa: linear, 
arboroid (.branching in a tree-like manner), plate-like, and spherical. 
The first two may be disregarded, since their loose type of construction 
and the lack of correlation between the cells are unfavorable for progres- 
sion toward a multicellular individuality. Colonies composed of more 
closely associated cells, such as the flattened to spherical types occurring 
in flagellates, and particularly in the Phytomonadina, suggest themselves 
as more likely subjects for speculation. The plate form such as Gomvm 
(Fig. 28 H) was favored by Butschli as the ancestral metazoan type. He 
postulated that this became two-lavered by cutting off a lower plate o 
cells and then curving into a sphere, an idea for which there is a e 
evidence More plausible are the theories that derive the Metazoa rom 
spherical flagellate colonies. The solid colony or morula such as Synum 
(Fig 23 A) or Pandorina was favored by Lankester as the ancest 

form, whereas Haeckel derived the Metazoa from the hollow 
condition (Fig. 30A). Both theories accept the Flagellata as the 

aneestty of .bo Metazoa » 

number of grounds. First, it has been seen that the flagellate* ^a 
highly plsatic group from which in all probability the eatme p- 

« Zt lilav Vgreat tendency toward the formation of compart 

«nri these resemble stages in the embryonic development ojj 
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a high degree of individualization with the differentiation of an anterior 
pole and an anteroposterior axis, appearance of anatomical differences 
among the zooids with respect to the axis, and limitation of reproduction 
to certain posterior cells of the colony. Such colonies would be regarded 
as Metazoa were they not connected by all gradations with unicellular 
forms. Very striking is the fact that the lowest metazoan phylum, the 
sponges, produces flagellated larvae and further possesses a type of cell, 
the ehoanocyte, that closely resembles a choanoflagellate. In the 
eoelenterates the tendency of the entoderm to put out flagella is note- 
worthy. Finally may be recalled the evolution of sexual reproduction in 
the Phytomonadina, with the differentiation in this group of typical 
metazoan-like sex cells by the gradual alteration of ordinary flagellate 
protozoans. And the spermatozoan so evolved, which may be regarded 
as a modified flagellate (Fig. 72.4, B), has been retained in nearly all the 
metazoan phyla; in short, the occurrence of flagellate, i.e., tailed, sper- 
matozoa almost universally among the Metazoa is regarded by many as 
evidence of the descent of the Metazoa from the Flagellata. 

Most writers on phylogeny have accepted Haeckel's derivation of the 
Metazoa from the hollow Vofror-like flagellate colony and consequently 
picture the common ancestor of the Metazoa as a little hollow ball 


(Fig. 12E) composed of a single layer of flagellated cells, swimming about 
with one pole directed forward and having an anteroposterior axis from 
this pole to the opposite one. This hypothetical organism was termed by 
Haeckel the blastaea and is generally believed to be reproduced in the 
development of Metazoa as the blastula stage. 

The first differentiation occurring in such an organism is the specializa- 
tion of certain cells as sex cells, a process already seen in Yolvox. The 
early differentiation of the sex cells is a phenomenon still seen in many 
animals. In other cases the later origin of the reproductive cells from 
cells that have preserved an undifferentiated or embryonic character, as 
the archaeocytes of sponges or the interstitial cells of eoelenterates, may 
be a reminiscence of the same phenomenon. There is probably a general 
tendency for the sex cells to pass into the interior. 


Since even the simplest Metazoa are two-layered or diplobUutic , the 
next step must have been the formation of an inner layer serving digestive 
functions. The fact that the lower metazoans are diploblastic was 
discovered m the medusae by T. H. Huxley in 1849 and confirmed for 
hy droids in 1853 by Allmann, who invented the terms ectoderm and ento- 
derm for the two “membranes" of these animals. In his great work on 
the calcareous sponges published in 1872, Haeckel described the two- 

£ 0nstruct * on of the sponges, and this particular discovery 
started him on the long train of phylogenetic speculations with which 
zoological teaching has become so thoroinrhlv im 
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In the blastaea, the flagellated somatic cells not only are locomotory 
and perceptive but also must capture and digest food. All theories of the 
mode of transformation of the one-layered into the two-layered condition 
start from the assumption that the separation of locomotory and diges- 
tive functions would be advantageous, and vary according to the author’s 
conception of the mode of feeding of the blastaea. Lankester argued that 
food would be passed into the inner ends of the cells of his solid morula 
and that these ends would then be cut off as an internal digestive layer, 
the mouth and digestive cavity developing later (Fig. 72C, D). However, 
this mode of entoderm formation is very rare, and the theory found no 
acceptance. Most opponents argued that an entoderm would be of no 
value without a mouth for taking in food; but this objection is not cogent 
since food can be passed from the surface to the interior cells, a process 
still seen in sponges and coelenterates. The majority of writers assumed 
that the posterior cells of the blastaea became specialized in food getting, 


either because the organism fed by swimming along the bottom or because 
the beating of the flagella would tend to drive particles toward the poste- 
rior pole. On the basis that the posterior cells of the blastaea took on 
digestive functions, Haeckel postulated the formation of the two-layered 
condition by the bending of the posterior half of the blastaea into the 
anterior hah, producing a two-walled cup, of which the inner entodermal 
sac was termed primitive intestine (I rdarm in German), it& opening 
to the exterior primitive mouth or protostoma ( Urmund in German) 
(Fig. 733/). These terms have been generally replaced by Lankester’s 
names archenteron and blastopore. Haeckel named this hypothetical two- 
layered organism the gastraea and made it the basis of his famous gastraea 
theory, which asserts that the gastraea is the common ancestor of all the 
Metazoa, that it is reproduced in their embryology as the gastrula stage, 
that the two layers of the gastraea are retained throughout the Metazoa 
as ectoderm and entoderm, and that the entoderm is fundamentally 
formed by invagination, all other modes being secondary modifications 
of invagination. Haeckel’s ideas were opposed at the time of their 
promulgation by many workers, among them Metsehnikoff, who having 
discovered that digestion is intracellular and phagocyric m the lower 
Metazoa, pointed out that the ancestral metazoan would not have 
required a digestive sac or mouth. He believed that certain cefls of the 
blastaea might develop strong phagocytic tendencies and wander m 
the interior which would then become filled up with amoeboid cefl, 
embedded in a gelatinous material (Fig. 72 F G). He .thus 
ancestral metazoan to be a solid gastrula. eonsts mg of “ 
ectoderm enclosing an interior mass having digestive functions ' 

Thus both Metsehnikoff and Lankester agreed that the original diplo- 
blastic ancestor was solid rather than hollow; the former termed the 




Fig. 72. — Comparison of A, a spermatozoon, and B t a polymastigote flagellate. ( After 
Alexxeff, 1924.) C and D. Diagrams of entodermal formation by primary delamination 
according to Lankester’s theory. E—G. Diagrams of formation of the entoderm by 
multipolar ingression ( according to Metschnikoff' s theory ) : E, hypothetical ancestral blastaea, 
with germ cells in the interior; F, stage of multipolar ingression; G t hypothetical stereo- 
gastrula or planuloid ancestor of the Eumetaroa. H, Planula larva of a hydroid, from 
life, example of an actual stereogastrula. 1, acrosome of sperm; flagellum of flagellate; 
2, nucleus; 3, spiral filament of sperm, parabasal body of flagellate; 4, axial filament of 
sperm, axostyle of flagellate; 5, undulating membrane; 6, centriole-like granules; 7, ecto- 
derm; 8, entoderm; 9, germ cells; 10, sensory bristles. 
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organism parenchymula, the latter planula. The hollowing out of the 
interior into an archenteron and the breaking through of the blastopore 
were regarded as later, secondary processes. Metschnikoff considered 
that his theory was greatly strengthened by the discovery by Saville Kent 
in 1880 of the organism Proterospongia (page 107), a choanoflagellate 
colony embedded in a gelatinous matrix, in which the collared cells 
frequently lose their collars and flagella and wander into the jelly as 
amoeboid cells. 

The gastraea theory of Haeckel won acceptance at the time and has 
since been promulgated in practically every textbook of zoology and 
embryology. It and its corallaries represent a masterly simplification of 
the embryologic and phylogenetic history of animals and furnish a clear 
and plausible explanation of the stages by which complex metazoan 
structure might have been achieved. But it is probably one of those 
simplifications that are too beautiful to be true. The chief objection to 
the gastraea theory is that in metazoan embryology the entoderm is more 
frequently formed by other methods than it is by invagination. In fact, 
in the very group nearest the hypothetical gastraea, namely, the Coel- 
enterata, the entoderm seldom arises by invagination but commonly by 
the inwandering of the ectoderm, and the larva (Fig. 12H) is a paren- 
chymula or planula rather than a gastrula. The facts of development 
thus support Metschnikoff’s theory rather than Haeckel’s and indeed 
the wandering of cells to fill up spaces seems a far more natural and likely 
process than invagination. Contrary to Haeckel’s opinion it is probable 
that entoderm formation by invagination is a derived rather than the 
original method and represents one of those short cuts common in 

embryology. 

We may regard it as plausible to suppose that the Metazoa arose from 
an axiate hollow spherical flagellated colony in which there occurred 
first a differentiation into somatic and reproductive cells (Fig. 72 E) and 
then a differentiation into locomotor-perceptive and nutritive types, 
through the wandering of the latter into the interior. In this paren- 
chymula or stcreogastrula, food was caught by the surface cells in 
protozoan fashion and passed into the interior amoeboid cells for diges- 
tion. The sex cells were also relegated to the interior and received food 
supplies from the amoeboid cells, as still happens in many lower meta- 
zoans. The anterior pole probably bore special sensory cells or a tuft of 
sensory cilia. Such an organism may be considered the common ancestor 

of the coelente rates and flatworms (Fig. 72G). 

The three lowest metazoan phyla, the Porifera, the Cnidaria, and the 

Ctenophora, are commonly stated to have remained at the gastrular level 
of construction and are usually considered to be two-layered or dip o- 
blastic groups. As will appear shortly, these phyla are not strictly 
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diploblastic except for the class Hydrozoa of the phylum Coelenterata. 
The real bases of distinction between these groups and the higher Metazoa 

will be explained later. 

IL GENERAL CHARACTERS OF THE METAZOA 


The Metazoa differ from the Protozoa in being composed of numerous 
cells differentiated into many sorts for the performance of different 
functions; in the arrangement of at least part of their cells into layers; 
in their higher grade of individualization, expressing itself, except in 
sponges, in the formation of a nervous system, whose centralization in 
one part of the body conditions this part as an anterior end or head; and 
in the occurrence of a process of embryonic development in the life 
history. We have already seen in the Protozoa that a high degree of 
morphological differentiation can be attained within one continuous 
protoplasmic mass; but obviously the cellular construction of the Metazoa 
permits a much greater degree of diversification, since different cells can 
follow different lines of specialization. Again the layered construction 
of the Metozoa leads to differentiation, since the various layers come into 
diverse environmental relations. Alm ost universally the surface la3 r er 
exposed to external conditions specializes first into protective functions, 
then into sensory and nervous structures; while the internal 
becomes digestive. Cells and layers in an intermediate situation tend 
to assume supporting and contractile roles. The layered construction 



also favors the formation of different organs at different depths. The 


correlation of numerous cells into one harmonious whole seems to depend 
in large part upon the formation of a nervous system, since the chief 


integrating mechanism in animals consists of the transmission of stimuli 


and commands from one part of the body to another. Such transmission 


can occur in undifferentiated protoplasm; but it is probable that even 
in the Protozoa paths are morphologically differentiated from the rest 


of the cytosome to serve as lines of transmission, although these do not 
reach the grade of a definite nervous system. Nervous tissue in some 
unknown way accomplishes transmission much more rapidly than ordi- 
nary protoplasm and consequently is much more efficient. A trans- 
missive system to attain its greatest efficiency must be centralized, and 
such centralization takes the morphological form of a head containing 
the main nervous mass, or brain. Characteristic of the Metazoa is the 
amazing process of embryonic development by which the fertilized egg 
passes through a series of changes culminating eventually in the formation 
ofthe adult metazoan. Hints of such a process already appear in the 
Protozoa where swarmers may be given off that differ considerably from 
t e parent form and attain the latter by undergoing some degree of 
transformation. Apparently simpler is the formation of colonial types 
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as in the Phytomonadina where the zygote or vegetative cell becomes an 
adult by repeated cell divisions. None of these processes seem compar- 
able in complexity to the case in metazoans where in the development ■ 
of the egg one sees an aggregate of cells molded into successive forms 
definite for the species. 

It is frequently stated that the Metazoa differ further from the 
Protozoa in the separation of the body into a somatic part, which carries 
on the regular life activities and eventually dies, and a germinal part, 
which is immortal by means of sexual reproduction. But in this matter 
the Protozoa do not seem to differ from the Metazoa so much as in some 
of the other points mentioned, since, as already seen, all the phenomena 
of sexual reproduction occur among the Phytomonadina, including the 
limitation of sex cell formation to specific cells in particular regions of 
the colony. The idea of the rigid separation of soma or body and germ 
originated with Weismann and has been of great influence in biological 
thought; but today it seems physiologically unsound in view of the 
high capacity of the body cells of the lower forms for regeneration, of the 
relations of the sex glands to other endocrine glands in vertebrates, and 
of the proved origin of the sex cells directly from body cells in many 
animals. 

The Metazoa when studied morphologically are seen to present various 
degrees of complexity of structure. It is believed that these different 
stages of anatomical elaboration actually represent in a general way the 
steps by which the higher animals evolved from the lower ones. We may 
consider that the first true Metazoa were diploblastic animals, devoid 
of organs, consisting of an outer ectodermal epithelium, and an inner 
entoderm al mass; some of the cells at times differentiated into sex cells. 
Soon, however, both layers gave off gland, muscle, and primitive con- 
nective tissue cells; sensory and nerve cells were apparently of later 
origin. The majority of these various sorts of cells came from the 
ectoderm. Connective tissue of ectodermal origin came to lie between 
the ectoderm and entoderm forming a mesenchyme. The main step 
in the evolution toward a higher type of structure came through the 
formation from the entoderm of a third layer, the mesoderm, adding to the 
original mesenchyme and eventually replacing it. Animals with a 
mesoderm of entodermal origin are called triploblastic. The mesoderm 
furnished space and material for the formation of many organs impossible 
to the two-layered animal. It took over the formation of muscular, 
supporting, reproductive, and circulatory systems, freeing the ectodermal 
and entodermal epithelia from the task of producing these types of 
tissues The ectoderm thereupon specialized in skin and nervous struc- 
tures, the entoderm in the digestive tract and its various elaborations. 
Very shortly after or possibly simultaneously with the appearance of t e 
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mesoderm, the metazoan body became coelomate , i.e., a space or system 
of spaces developed in the mesoderm. Since all the higher animals are 
coelomate, this step seems to have been of importance. The coelom 
apparently facilitates the reproductive and excretory functions and very 
probably aids other organs by giving them space in which to carry on their 
activities. The final anatomical step in the evolution of the Metazoa is 
the segmentation of the body. 

In the original diploblastic condition there were no organs or differ- 
entiated functional systems, unless the archenteric sac could be regarded 
as a digestive system. Nervous, muscular, and supporting systems 
appeared in a simple form rather early, but there was but little definite 
formation of organs and organ systems until the mesoderm came into 
existence. Thereupon there were rapid strides in the differentiation and 
elaboration of systems already present ; in the formation of new systems, 
first the reproductive and excretory and later the circulatory and respira- 
tory systems; and in the production of organs by aggregation of tissues. 

The exact steps in the evolution of the various grades of invertebrate 
structure are not and presumably never can be known. Statements 
about them are inferred from anatomical and embryological evidence 
and in no case should be regarded as established facts. It must further 
be remembered that evolution does not proceed in a straight line but 
rather as a branching tree; any particular grade of structure may there- 
fore present several variations, with some features emphasized in one 
group of animals, others in another. 

m. DEVELOPMENT THROUGH THE GASTRULA STAGE 

The life history of a metazoan from the egg through sexual maturity 
is termed ontogeny. It is divisible into two periods: the period of embry- 
onic development , sometimes termed morphogenesis , and the period of 
growth. During the former the fertilized egg undergoes a series of changes 
that result in the formation of a young a nim al like the parent except as 
regards the reproductive system and related sexual characters. The 
developing organism, when enclosed within protective coverings or the 
parent body, is termed an embryo. When, before development is com- 
pleted, it becomes free and leads an independent life, it is called a larva. 
A sudden marked change during the course of development is known as 
metamorphosis. During the second part of ontogeny, the growth period, 
the organism increases in size, undergoes minor anatomical changes, and 
matures its reproductive system, with which process is associated the 
appearance of certain characters, called the secondary sexual characters. 

The period of embryonic development may again be divided into the 
following stages: the period of cleavage or segmentation; the period of 
formation of the germ layers; the period of formation of organs, or 



256 THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 


organogenesis; and the period of histological differentiation, or histogenesis. 
We are here concerned only with the first two parts of the developmental 


process. 

The course of early development is intimately related to the construc- 
tion of the egg. The egg is definitely organized. It has radial sym- 


metry, often also distinct evidences of bilateral symmetry. The main 
axis of symmetry is termed the polar axis, the ends of which are named the 
animal and vegetal (or vegetative ) poles, respectively. Along the polar 
axis there generally exists an arrangement of visible materials; further- 
more. the invisible ground substance also possesses a polarized organiza- 
tion, for when the visible materials are disarranged by centrifuging eggs, 
the development is usually not affected. The organization of the egg is 
related to the future organism, in that certain parts of the embryo are 
formed from certain regions of the egg. This germinal localization, as it 
is called, varies in degree in different eggs, being so marked in some that 
removal of portions of the egg results in specific defects of the embryo; 
whereas, in the case of other eggs, normal larvae may develop despite 
such operations. In any case, the difference is chiefly one of time, since 
those eggs not at first sharply localized with respect to the future embryo, 


become so as development proceeds. 

The principal visible materials of eggs are ergastic food supplies, 

called deutoplasm or yolk, consisting mostly of fats and proteins. Eggs 

are classified according to the amount and distribution of the yolk. 

When the yolk is slight in amount, it is also more or less evenly dispersed , 

such eggs are variously termed isolecithal, alecithal or homolecithal (Fig. 

73 4) Larger amounts of yolk tend to accumulate in one region of the 

egg, either the vegetal half (Fig. 73 B, C) or the center (Fig. 73 D), leaving 

mSt of the protoplasm in the animal half or the periphery, respectively 

Eggs with vegetal yolk are termed telolecithal (Fig. 73 C), with central 

yolk, centrolecithal (Fig. 73 D). 

The egg begins its development by undergoing cleavage or segmentation, 
i e by dividing mitotically many times in rapid succession into cells o 

arranged 7Z blaStomeres, i.e., the cleavage pattern, depends m 
part upon the amount and distribution of the yolk, since the nutoric 

rv: ns rrr - 

in part upon what seem to be hereditary (aetom d * 

^ “he ^ri,en the ciea^ 

SP S . “ of the same site (Kg. 73 E), and uneqnai (Kg. 73f) 
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when they differ considerably. Holoblastic equal cleavage (Fig. 73 E) 
is characteristic of isolecithal eggs; holoblastic unequal clea\ age -Fig. 
73F, G) is characteristic of moderately telolecithal eggs, the cells then 
grading in size from the smaller protoplasmic ones in the animal half 
to the large yolky ones in the vegetal half (Fig. *3(7). In holoblastic 
cleavage, the first two cleavages are meridional, at right angles to each 
other, dividing the egg into four quarters as one would divide an apple. 
The third cleavage is transverse, at right angles to the other two, and is 
equatorial, i.e., through the center of the egg in isolecithal eggs, and 
latitudinal, i.e., shifted toward the animal pole, in telolecithal eggs. The 
further cleavages tend to alternate between meridional and transverse 
planes until a considerable number of cells of ever-diminishing size has 
been produced. Holoblastic cleavage may be further classified according 
to the sy mm etry relations of the cleavage pattern. The cleavage is said 
to be radial (Fig. 73 E) when symmetrical with reference to the polar 
axis, resulting in tiers of cells on top of each other; spiral when diagonal 
to the polar axis (Fig. 73 F), so that successive tiers alternate ;dissymmetric 
or biradial (Fig. 73 H) when symmetrical with regard to the first cleavage 
plane; bilateral (Fig. 73 J) when exhibiting bilateral symmetry; and 
irregular when the pattern is indefinite. The spiral type (Fig. 73 F, G) 
is of great importance among invertebrates and characterizes several 
large phyla. In this type, the spindles for the third cleavage, instead of 
being erect, are inclined diagonally, so that the resulting upper tier of 
four cells is displaced sidewise, resting in the angles between the four 
lower cells. When to the observer looking down upon the animal pole, 
the four upper cells are displaced in a clockwise rotation, the cleavage is 
said to be right-handed or dextrotropic; when displaced counterclockwise, 
the spiral displacement is called left-handed or levotropic. In spiral 
cleavages there tends to be an alternation of dextrotropic and levotropic 
divisions. Holoblastic cleavage is also termed determinate when the 
various cells play definite exact roles in the production of the embryo and 
indeterminate when the cleavage pattern bears no definite relation to 
the embryo. Spiral cleavage is always markedly determinate. 

In very yolky eggs, most of the protoplasm is collected in a disk or 
film at the ani m al pole (Fig. 73 C), and this alone undergoes cleavage; 
the remaini n g yolk-filled part of the egg shows no division. Such cleavage 
is termed discoidal or meroblastic (Fig. 73 K) and results in a disk of cells 
resting upon the yolk. In most centrolecithal eggs, only the peripheral 
layer of protoplasm cleaves, a kind of cleavage termed superficial , pro- 
ducing a membrane one cell thick enclosing the yolk (Fig. 73 P). In both 
meroblastic and superficial cleavage, the cleavage planes form primarily 

at right angles to the surface and are often incomplete leaving the cells 
in partial continuity with the yolk. 
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The end stage of the period of cleavage is termed the blastula. In the 
case of holoblastic cleavage, the cells generally draw apart lea\ing a 
central cavity and forming a surface layer, generally single in inverte- 
brates. Such a blastula (Fig. 73 L) is termed a coeloblast ula , sometimes 
archiblastula , and its cavity is called the blastocoel, or primary body cavity. 
When the word blastula is used without qualification, a coeloblastula is 
meant. The coeloblastula resulting from holoblastic equal cleavage is 
termed adequal , meaning that the cells of the wall are of about the same 
size throughout. After holoblastic unequal cleavage, the coeloblastula 
is inequal , as the wall of the vegetal half is thicker than that of the 
animfll half and the blastocoel is reduced in volume and displaced toward 
the animal pole (Fig. 73-Y). The wall of an inequal coeloblastula may 
also be several cell layers thick, but this is unusual in invertebrates. In 
some cases, the blastula fails to develop a central cavity and is then 
termed a solid blastula or stereoblast ula (also spelled sterr oblast ula) 
(Fig. 74 G). In a stereoblastula, the blastomeres may reach from the 
surface to the center; or separate blastomeres may occupy the interior 
(Fig. 74 G). The latter condition is called a morula in some texts; but the 
word morula is also often used for late cleavage stages before the blasto- 
coel has appeared. In meroblastic cleavage the blastula stage consists 
of a disk or film of cells resting upon the yolk (Fig. 73 K ) ; and in superficial 
cleavage it consists of a membrane one cell thick enclosing the central 
yolk (Fig. 73 P). These types of blast ulae are called discoblastula and 
periblastida , respectively. They necessarily lack a blastocoel. 

Although cell division continues throughout embryonic development, 
the period of cleavage is usually regarded as terminated with the forma- 
tion of the blastula. There follows the period of formation of the germ 
layers , i.e., of cell strata from which the tissues and organs of the adult 
arise. The first step in the formation of the germ layers consists in the 
transformation of the single-layered blastula into a double structure 


blastic cleavage; D, centrolecithal. E. Holoblastic equal cleavage, also of the radial 
type, note tiers of cells on top of each other; holothurian egg. ( After Sdenka % 1883.) P 
and G. Cleavage of egg of the type of Fig. B, illustrating holoblastic unequal spiral cleav- 
age, egg of the snail Crepidula ( after Conklin, 1897): F, lb-eel] stage seen from the animal 
pole; note alternating tiers of cells; <?, later stage seen from the side; note gradation in 
cell sixe from ammal to vegetal pole. H. Holoblastic unequal cleavage of the biradial 
type, egg of the ctenophore Berot. ( After Ziegler, 1898.) J. Holoblastic adequal cleav- 
age of the bilateral type, embryo of the rotifer Aeplanehna. ( After Jennings, 1896.) K. 
Meroblastic cleavage of egg of the type of Fig. C. illustrating a discoblastula, egg of a 
eephalopod moUusk. (After Watnse. 1891.) L. A coeloblastula, resulting from cleavage 
of the type of E , holothunan embryo. (After Seienbi, 1883.) M. Same, in the gastrula 

f r™*?, gaStmla * ei i toderm ^ embolic invagination. V. 

Inequal blastula of Crejndula; section of an embryo like Fig. G. O . The same later 

showing entoderm forming by epiboly. ectoderm growing down over the large yolky 

CeUs - . (M and t ) a f‘” CenUin. 1897.) P. Penblastula. resulting from super- 
al cleavage of eggs of the type of D; egg of a fly. (After Soack. 1901.) 1 yolk' ° 

ent0denD: 4 ' blaSt0derm part of the embryo); 5. blastocoel; 6,' 
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consisting of an outer cell layer, the ectoderm, and an inner layer or mass, 
the entoderm. Ectoderm and entoderm are called the two primary germ 
layers, the process of entoderm formation is termed gastndation, and an 
embryo or larva composed of ectoderm and entoderm is known as a 
gastrula. The entoderm may arise in several different ways. 

1. By Invagination or Eniboly . — In this process, usual in adequal 
coeloblastulae, the posterior or vegetal region of the blastula bends 
inward as if pushed by a finger into a sac that may or may not touch the 
outer wall (Fig. 733/)- In the former case, the blastocoel is obliterated; 
in the latter case, which usually obtains in invertebrates, the blastocoel 
remains surrounding the invaginated sac. The entodermal sac is termed 
primitive intestine or archenteron, its opening at the vegetal pole termed 
the blastopore, protostoma, or primitive month. Entoderm formation by 
invagination was regarded by Haeckel as the primitive method, the 
gastrula so formed as the original type, hence termed archigastruta, and 
all other kinds of entoderm formation and gastrulae as secondary and 
derived. This viewpoint has been generally accepted and is commonly 
presented in textbooks and adopted in phylogenetic speculations; but it 
appears to the author to rest upon inadequate grounds. 



cells, enclosing the latter as entoderm (Fig. 730). This mode usually 
follows unequal holoblastic cleavage, where the yolk-laden vegetal cells 
are apparently too inert to carry out the active process of invagination 
and is obviously a modification of the latter method. The end result is 
the same as by invagination— a two-walled gastrula with archenteron 


and blastopore (Fig. 7 4-4 ) . 

3. By Involution. — In this case cells turn under and extend beneath 
the ectoderm to form the entoderm (Fig. 74K). This type of entoderm 
formation is common in meroblastic eggs and appears to be a further 
modification of epiboly. The place of inturning of the margin of the disk 
of the discoblastula is more or less related to the symmetry of the future 
embryo. The gastrula so formed has neither typical archenteron nor 

blastopore and may be called a discogastrula (Fig. 74 K). 

4. By Delamination . — T his word is not very exact, being generally 

used to cover all other modes of entoderm formation than the preceding 
types. For exactness, it is therefore necessary to distinguish several 

kinds of delamination. _ . , 

a. Primary Delamination .— In this, the original meaning of the 

word delamination and for which the term was invented by Lankester, 

the inner halves of the cells of the eoeloblastula are cut off by cleavage 

planes parallel to the surface and become the entoderm (Fig. 74/4, b 

Primary delamination was proposed by Lankester as the original mode o 

entoderm formation, but entoderm formation purely by this method 




*r* Ectoderm formation (continued). A. Epibolic gastrula, later stage of 
Fig. 73 O, Crepidula. ( After Conklin, 1897.) B. Formation of the entoderm in the egg oi 
Hydra, partly by multipolar ingression, partly by primary delamination. C. Completed 
stereo gastrul a of Hydra . (B and C after Brauer , 1891.) D. Entoderm formation by 
unipolar ingression; egg of the hydroid Clytia. {After Afetschnikof , 1887.) E and F. 

P^^-^tion in a geryonid medusa (after Afetschnikof, 
1882, 1886) E, coeloblastula with tangential cleavages beginning; F, the resulting stereo- 

J? Slf ' ^° de ™ f °™»tion by secondary delamination in the hydroid Clara, 

Entoderln formation by involution, further 
stage of Fig. 73^. U/ter JFafcwe, 18 88.) 1, ectoderm; 2, entoderm; 3, ceils migrating 

into interior; 4, cells undergoing primary destination: 5 «ni™l»r infm**™** ■ a 
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known only in the medusan family Geryonidae (Fig. 74J5, F). Such 
tangential cleavages may, however, occur in connection with other types 
of delamination (Fig. 745). 

b. Secondary Delamination . — Where a stereoblastula of the 
morula type (i.e., containing inner cells not touching the surface) exists, 
the entoderm may be formed by the simple separation of these inner cells 
from the ectoderm (Fig. 74 G. H). 

c. Polar ( Unipolar ) Ingression . — Cells detach themselves from the 
vegetal pole region of the coeloblastula and wander into the interior as 
the entoderm (Fig. 74 D). 

d. Multipolar Ingression . — Cells detach themselves from any and 
all points of the blastular wall and pass into the interior as entoderm 
(Fig. 74 B. C). This may be an active inwandering or a mere rearrange- 
ment of the cells of the blastular wall into a stratified condition. 

e. Mixed Delamination . — Combinations of two or more kinds of 
delamination are of common occurrence (Fig. 745). 


In entoderm formation by delamination, a stereogastrula results that 
has neither archenteron nor blastopore (Fig. 74C, H ). An archenteron is 
later formed by the rearrangement of the entodermal mass into a lining 
layer, and a mouth breaks through at the original posterior pole. We 
therefore find among animals two principal and distinct sorts of gastrulae: 
the hollow archigastrula with a primary archenteron and blastopore 
formed by invagination; and the solid stereogastrula formed by delamina- 
tion and lacking cavity or mouth. A more disturbing difference lies in 
the fact that whereas, in the former, entoderm formation is polarized and 
confined to certain cells of the blastula, in the latter (except in the case 
of unipolar ingression) any blastular cell may become entoderm, a fact 
indicating a complete lack of differentiation oi the cells of the blastula into 
sensorimotor and digestive types and nullifying all the theories purporting 
to explain the evolution of the two-layered state. _ Whereas polar 
ingression can easily be conceived as a modification of invagination the 
derivation of the other sorts of delamination from invagination lacks 
plausibility. Furthermore, it is in the lowest metazoan phyla, the 
Porifera and Cnidaria, whose embryology might be expected to conform 
most nearly to the original type, that entoderm formation by delamina- 
tion and the production of stereogastrulae are of most common occurrence. 

The Haeckelian idea of entoderm formation by invagination is 
universally accepted as the original mode, and all other met as 
derived For reasons already stated (page 252), entoderm formation by 

s«ms the more probable and natural original method, and 
entoderm formation by invagination a derived shortened tray ol 
the two-lavered condition that is a necessary preliminary to furthe 
complication. At any rate there is no adequate basis for the assuran 
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with which invagination is commonly declared to be the primary mode 
of entoderm formation. It would at least be more reasonable to state 
that the available evidence does not justify any definite conclusion on the 
matter. It does appear certain that the first step in the evolution 
toward a more complex morphology is the change of some cells from a 
surface to an interior position. The method by which this is accom- 
plished, w T hether by infolding or inwandering, does not appear to be of 
importance; what is important is that a functional difference is thereby 
established through a difference in relation to the external world. The 
degree of complexity attained by the gastrula is not great; but it is of 
interest to note that further elaboration is accomplished by a repetition 
of this same process — the relegation of still more cells to the interior as 
the mesoderm or so-called third germ layer. This pushes itself between 
ectoderm and entoderm again either through infolding or in wandering; 
and from the layers and cell masses so established, a variety of organs 
arise again fundamentally by these same two methods. In place of the 
perennial transcendental search for one original primitive mode of 
germ-layer formation, we might perhaps substitute the view that infolding 
and in wandering (better designated as the epithelial and mesenchymal 
modes of tissue and organ formation) are two methods by which increase 
in structural complexity is accomplished in animals. All the evidence 
seems to the author to indicate that the mesenchymal mode is the 
primitive one (see Chap. IX further); but in any event both were present 
in Metazoa rather early, one or the other is employed according to cir- 
cumstances, and a part formed epithelially in one animal may arise 
mesenchymally in another, even related, form. 

In many invertebrates the embryo at the blastula or gastrula or 
slightly later stage becomes flagellated or ciliated and escapes as a free- 
swimming larva (Fig. 72 H). Different types of larvae are characteristic 
of different groups of animals. Larvae are believed in many cases to 
approximate ancestral forms, and consequently much phylogenetic 
speculation has been based upon their characters. 

IV. THE DIPLOBLASTIC PHYLA 

The term diploblastic, meaning tw*o-layered, is commonly applied to 
those groups of lower invertebrates which consist essentially of two 
epithelia, an outer and an inner one. These two epithelia are called 
ectoderm and entoderm. But ectoderm and entoderm are embryo- 
logical terms, and the body epithelia of even the simplest Eumetazoa 
differ considerably from the corresponding larval layers. The author 
therefore proposes that the names ectoderm and entoderm be limited to 
developmental stages and that a uniform terminology be adopted for the 
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covering and digestive epithelia of adult invertebrates. It is suggested 
that the covering epithelium be called epidermis throughout the inverte- 
brates and the lining of the digestive tract in general be called gastro- 
dermis. These words have the further advantage that they avoid 
embryological implications, i.e., the gastrodermis need not necessarily 
be entodermal throughout. 

Now in fact the three lowest metazoan phyla — Porifera, Cnidaria, and 
Ctenophora — are not really diploblastic, with the exception of the 
coelenterate class Hydrozoa. All the others are actually three-layered 
or triploblastic, having a cellular stratum between epidermis and gastro- 
dermis (Fig. 75 B). This stratum consists of some type of connective 
tissue. If one frees oneself from outworn theories dating from Haeckel, 
one sees at once that there is no essential difference between a cross 
section of a sea anemone (Fig. 75 B) commonly called “diploblastic” 
and a cross section of a flatworm commonly called “triploblastic.” 
And the same is found to be true on impartial examination of the other 
alleged diploblastic groups except Hydrozoa. In sponges, for instance, 
a mesenchyme, often very abundant, exists between the outer and inner 
epithelia; it originates in common with the epidermis and consists of a 
gelatinous matrix in which there are embedded several types of amoeboid 
cells capable of functioning in a variety of ways. In the coelenterates 
the jelly between epidermis and gastrodermis is devoid of cellular 
elements only in the class Hydrozoa, and even in this group the undif- 
ferentiated interstitial cells could be regarded as a sort of mesenchyme. 
In Scyphozoa this middle layer is a jelly containing cells and fibers, and 
in Anthozoa it is either a gelatinous mesenchyme or a fibrous connective 
tissue; in both groups the cellular elements appear to be derived chiefly 
from the ectoderm, although the entoderm may contribute in some forms. 
Among the Ctenophora the mesenchyme reaches a high degree of develop- 
ment, containing connective tissue and muscle cells. In the older 
accounts the cells of the ctenophore mesenchyme were stated to be of 
entodermal origin; but it is now thought probable that they come from 
the ectoderm. Thus in the three so-called diploblastic phyla, a cellular 
layer, chiefly of ectodermal origin, is present between epi- and gastro- 
dermis (except in Hydrozoa). The terms diploblastic and triploblastic 
will therefore be abandoned altogether, and a better basis for distinguish- 
ing the lower from the higher Metazoa will be sought, _ 

It was first pointed out by the brothers 0. and R- Hertwig (1»»Z) 
that the mesoderm originates in two ways: as a loose connective tissue, 
which thev called mesenchyme, and as an epithelium, the 
now designated mesothelium. Mesenchyme comes from epithelial ceUs 
that detach themselves from the epithelium (Fig. 75,4), become amoeboi , 
and wander into interior spaces as primitive connective tissue cells. 
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The Hertwigs noted that a mesenchymal mesoderm occurs in the so-called 
diploblastic as well as in the higher phyla, that it may remain connective 
tissue or may differentiate into other types of cells, and that its time of 
origin in the embryo is unrelated to the usual sequence of developmental 
events. They attempted to draw a sharp distinction between groups of 
animals in which the mesoderm is mesenchymal at its inception and those 
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Fig. 75. — Mesenchyme and mesot helium. A. Formation of mesenchyme by inwander- 
ing of ectoderm cells, in the alcyonarian Sympodium. ( After Kotcalezsky and Marion , 
1SS3.) B. Cross section through the bod}* wall of a sea anemone showing the three- 
layered condition: between ectoderm and entoderm is a thick layer of connective tissue 
containing amoeboid cells; from slide. {Courtesy of A. E. GaHgher.) C. Simultaneous 
formation of mesothelium and mesenchyme from the archenteron of an echinoderm embryo. 
(After Selenka , 1S76.) The archenteron gives off a mesothelial pouch (future water vascu- 
lar system), and also some of its cells wander into the interior as mesenchyme. 1, ecto- 
derm; 2, mesenchyme: 3, entoderm: 4, connective tissue layer: 5, mesothelial pouch. 


where it begins as epithelium. This idea is now known to have been 
mistaken, since in many groups mesoderm may originate by both methods 
but it contains the germ of a distinction that still seems to hold. There 
are apparently two sorts of mesoderm that cannot be homologized with 
each other. The one kind arises from the embryonic ectoderm and 
hence is termed the ectomesoderm . also the larval mesoblasL It is always 
mesenchymal, never epithelial, and is the only sort of mesoderm occurring 
in the three so-called diploblastic phyla. It is, however, also formed in 
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several triploblastic phyla where it plays a minor role, since the great 
mass of their mesoderm is of the second type, i.e., of entodermal origin 
and may be either mesenchymal or epithelial (Fig. 75 C). 

The Porifera, Cnidaria, and Ctenophora cannot therefore be accu- 
rately characterized as “ diploblastic ” phyla; but rather as phyla in 
which the mesoderm is chiefly an ectomesoderm and exclusively mes- 
enchymal. Possibly they should be designated as ectomesodermal 
phyla, the other Metazoa as entomesodermal phyla. The ectomeso- 
dermal forms present a relatively low grade of construction; they have 
progressed along the lines of cellular differentiation, but organs are lack- 
ing, and hence functional systems have remained in a low state of 


organization. 

Although the Porifera resemble the other ectomesodermal groups in 
the foregoing respects, their many peculiarities have led zoologists 
generally to separate them from the rest of the Metazoa as a branch of 
the animal kingdom, named Parazoa. They lack mouth, definite 
digestive sac, and nervous and sensory cells. What seems to correspond 
in them to the digestive lining of other metazoans is composed of collared 
flagellate cells that closely resemble choanoflagellate protozoa in both 
morphology and behavior. The embryonic history of sponges is peculiar 
and cannot be homologized with that of other metazoans. Finally their 
porous construction with a body permeated with channels through which 
a water current runs is unique among animals. For all these reasons 
it seems best to regard them as a branch diverging early from the main 
metazoan stem. The rest of the Metazoa are put together into the 
branch Eumetazoa, or true Metazoa, characterized by more definite 
tissue formation and the presence of organs at least m an early form. 
The Eumetazoa are again divided on the basis of symmetry and the 

relations and mode of origin of the mesoderm and coelom. 

The ectomesodermal groups of the Eumetazoa present a certain uni- 
formin' and are often included in the one phylum Coelenterata We here 
prefer 'to consider the Ctenophora as a separate phylum. These groups 
possess digestive, nervous, and muscular systems in sunple form. The 
digestive system has achieved the greatest advance, being pronded with 
a mouth and a definite cavity, which is usually greatly branched and 
serves for distribution as well as digestion of food. For this reason itis 
generally termed a gastrovascular system. In these groups e 
begins a structure universal throughout the higher Metazoa nam^ 
JLaeum or initial section ot the digest, ve tract formed lb, 
ectoderm. However, the digestive tube consists only of ,*** 

Z lo»“ the protozoan method. The nervous system comnsts of a net 
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throughout the body wall with some centralization in a nng encircling 
the mouth. Probably in correlation with the radial symmetry there is 
thus no definite development of a head or anterior end containing a con- 
centrated mass of nervous tissue. Sense organs may, however, reach a 
high degree of differentiation. The muscular system consists of layers 
of fibrils that in the lower coelenterates may not be completely separated 
from the epi- and gastrodermal epithelial cells from which they arise; 
in ctenophores there are separate muscle cells of mesenchymal origin. 
The sex cells originate from indifferent cells or from the epidermal or 
gastrodermal epithelium; and may go through their maturation in more 
or less definite reproductive organs (gonads). The blastoporal end of 

the larvae becomes the oral end of the adult. 

In addition to their general lack of or low state of development of 
organs and organ systems, the coelenterates and ctenophores contrast 
with the other Eumetazoa in the following particulars: They are charac- 
terized by primary radial or biradial symmetry, whereas all the other 
Eumetazoa are bilateral . By primary symmetry is meant that the 
symmetry type of the embryo or larva is retained throughout ontogeny. 
On the basis of symmetry, the Eumetazoa may therefore be divided into 
the radiate forms or Radiata, a term going back to Cuvier, including now 
only the Cnidaria and the Ctenophora; and the bilateral forms or Bilateria 
embracing all the other phyla of the Eumetazoa. These terms will 
hereinafter be employed as here defined. Another difference between 
the Radiata and the majority of the Bilateria is that in the former no 
body spaces exist between epidermis and gastrodermis; these layers are 
in contact or connected by mesenchyme. The sole cavity in the body is 
the cavity of the digestive tract, and for this reason the Radiata are often 
designated the Enlerocoela. The contrasting term for the rest of the 
Eumetazoa is Coelomocoela or Coelomata to indicate the occurrence of 


spaces other than the cavity of the gut. This terminology is objection- 
able, however, because the nature of the spaces in question is uncertain 
in some groups, and furthermore in certain phyla, such as the Platyhel- 
minthes and Nemertinea, no such spaces actually exist but are assumed 
on theoretical grounds. Still other names for these eumetazoan group- 
ings are based on the relations of the larval and adult axes of symmetry. 
In the development of the Radiata, the larval axis is retained as the adult 
axis of symmetry and the blastoporal end becomes the oral surface, 
developing a mouth or retaining the blastopore as mouth. Hatschek 
suggested the name Protaxonia for the radiate phyla, to express this per- 
sistence of the larval axis, and Heteraxoma for the bilateral phyla in which 
the larval and adult main axes of symmetry do not coincide. A certain 
amount of speculation is, however, involved in the latter idea. Alto- 
gether the terms Radiata and Bilateria seem the most suitable. 
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The Radiata may then be characterized as animals in which cell and 
tissue differentiation have made considerable progress, but in which only 
a slight amount of organ formation has occurred; in which symmetry 
is of the radial or biradial or radiobilateral type ; in which the digestive 
tube lacks an anus and is the sole cavity in the body, no space being 
present between epidermis and gastrodermis ; in which the nervous 
system is poorly concentrated and no definite head has been developed; 
in which the mesoderm is always mesenchymatous and chiefly of ecto- 
dermal origin ; and in which the larval axis of symmetry is retained as the 
anteroposterior axis of the adult, the anterior end of the larva becoming 
aboral, the posterior end, oral, and the blastopore serving typically as 

mouth. 

V. THE GERM -LAYER THEORY 


A germ layer may be defined as an embryonic cell stratum from which 
adult organs arise. The facts of embryology seem to indicate that the 
formation of germ layers is preliminary to organogenesis. Ordinarily 
organs do not arise directly from the cleavage cells, although it is difficult 
to see why this should not occur. The development of layers before 
organogenesis is more pronounced in indeterminate development. In 
cases of determinate cleavage or mosaic development, as such development 
is often termed, there is a direct relation between the blastomeres and 
the future organs, but even in such cases the blastomeres become arranged 
in layers before differentiating into the organs for which they are pre- 
destined. It is probable that the layered condition of the early embryo 
is simply necessitated by the fact that the external and lining layers of 

animals cannot be other than epithelia. 

The ectoderm and the entoderm are called the primary germ layers; 

the former is always epithelial, the latter may start out as a cell mass but 

eventually becomes epithelial. From the entoderm anses the so-called 

third germ layer, the mesoderm . which pushes in between ectoderm and 

entoderm. It is never actually a single layer; if epithelial it u, dou , 

consisting of somatic and splanchnic layers; and if mesenchym , 1 is a 

stratum several cells thick. After formation of the mesoderm i the ect 

derm and entoderm are often considered no longer primary, and are then 

together with the mesoderm called secondary germ layers. Agam tb 

for he Tcondary "ectoderm and entoderm, although epherau bore 

and entoderm. Now these terms are considered symonymons 

ending in -blast have more or less parsed out of map. 

entoderm has more recently been designated cnUroderm, to ettpre* the 

fact that the gut is its chief derivative. 
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The fact that the young (vertebrate) embryo consists of parallel 
layers struck the attention of the early students of embryology such as 
K. F. Wolff, writing in 1759-1764, and Pander, in 1817. The eminent 
embryologist, von Baer, whose leading work appeared in 1828, noted the 
organs that came from these layers (in the chick) and distinguished four 
layers: the outer, forming skin and nervous system; the second, source 
of flesh and bones; the third, or vascular layer; and the fourth gut- 
forming layer. Remak, 1851-1854, reduced the layers to three— outer 
sensory, middle motor, and inner trophic — and although these names 
are obsolete, the layers have since been considered with respect to their 
functions as three in number. The idea of a homology or correspondence 
of these layers throughout the animal kingdom seems to have originated 
with H uxl ey who in 1849 compared the two layers of coelenterates with 
the outer and inner layers of vertebrates. This germ-layer theory, or 
idea of the correspondence of the germ layers throughout the Metazoa, 
received strong support from the many studies on the embryology of 
various animals that were made after 1850 and was brilliantly urged by 
Lankester and Haeckel, the latter adopting it as one of the prominent 
parts of his phylogenetic speculations. 

The germ-layer theory states that in the development of all Metazoa 
first the two p rimar y germ layers, ectoderm and entoderm, and then in 
the higher Metazoa the third layer, mesoderm, are formed; that these 
layers were formed originally if not now in the same way throughout the 
Metazoa; that from each of them the same organs are produced; and, 
in short, that these layers are everywhere homologous. Any embryonic 
processes deviating from this formula are regarded as modified or derived 
processes. 

As regards the homology of the ectoderm and entoderm, it has already 
been seen that the entoderm may arise in various ways. Further, in 
some cases it comes from a definite, predetermined region of the blast ula — 
the posterior cells — while in others, as in multiple digression, any blastular 
cell may become entoderm. To avoid these discrepancies, it might be 
assumed that rhe germ-layer theory holds only after entoderm formation. 
This view encounters the difficulty that the gastrula presents a variety of 
form, and in some cases simple inspection does not suffice to determine 
which cells or layer is entoderm. Still more at variance with the theory 
is the embryonic history of sponges, where an apparently typical invagin- 
ation gastrula or a stereogastrula is formed. But in the former, it is 
the anterior half that invaginates, i.e., the half that generally throughout 
the Metazoa becomes ectoderm; and in the stereogastrula. the inner mass, 
which in coelenterates is entoderm, in sponges migrates later to the outer 
surface and becomes the covering epithelium. As regards the history 
of the mesoderm, even less conformity to the theory is encountered. 
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The mesoderm may be formed in various ways in different animals, and 
at different times, and in many cases in more than one way in the same 
organism. As already stated, it is chiefly of ectodermal origin in the 
radiate phyla, and of entodermal or both entodermal and ectodermal 
origin in the bilateral groups. It may begin as mesenchyme or meso- 
thelium, and each may later assume the other tissue form. In some 
cases, as in echinoderms, part of the mesoderm arises before the ento- 
derm does. The mesoderm may at its initiation consist of whole layers 
or masses ; or as in the groups with determinate cleavage may be derived 
from a single cell. 

From the foregoing facts it is clear that the germ layers cannot be 
defined or homologized on the basis of their mode of formation or their 
topographical relations. There remains the criterion of the kinds of 
organs formed from them. Here a difference appears between the radial 
and bilateral phyla, for, in the former, structures such as muscles, which 
in the latter are of mesodermal origin, come from the ectoderm and 
entoderm. Naturally as the mesoderm has not yet been formed as a 
definitive layer, ectoderm and entoderm in the Radiata must perform 
the functions later taken over by it. Among the Bilateria there is 
greater uniformity as to the fate of the germ layers, although various 
discrepancies occur, such as the failure of the ectoderm to remain as the 
surface covering in some parasitic worms and the origin of the excretory 
system from different germ layers in different phyla. Nevertheless, 
among the Bilateria it generally holds true that the ectoderm produces the 
skin and its derivatives, nervous system, and the end sections of the gut, 
the entoderm becomes midgut and its derivatives, and the mesoderm 
is the source of the connective tissues, muscles, and blood vessels. Among 
the higher Metazoa there is then a wide correspondence between the 
germ layers as regards their fate and function in ontogeny. In fact a 
germ layer, as pointed out by Braem, can only be identified by its end 

products. 

Among the chief objections raised to the germ-layer theory is the 
fact that, in budding, regeneration, and embryonic grafting, organs 
come from different germ layers than is the case in development. In 
bryozoans and tunicates, the buds develop very differently from the 
embryo, entoderm serving as ectoderm, etc. Similar facts are well 
known from studies of the histology of regenerating parts. The extensive 
and brilliant work of the Spemann-Mangold school on grafts in amphibian 
embryos has shown that any germ layer, if taken at a young enoug 
stage" and if placed in the proper circumstances, can form any organs 
whatsoever Yet all these facts seem outside the question. The germ- 
layer theory is not concerned with the possible capacities of embryonic 
or regenerative cells but rather with the course of normal development, 
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whether or not this follows some similar plan throughout the animal phyla. 
To this question it seems that a positive answer must be returned. 

A more cogent objection arises from the mode of development of eggs 
with determinate cleavage in which blastomeres or groups of blastomeres 
proceed almost directly to organ formation without an}' very' definite 
interpolation of a germ-layer stage. Nevertheless such development is 
generally regarded as derived and shortened from the indeterminate type. 
On the other hand, it may well be that the layered condition is adapted to 
certain other circumstances. Thus the formation of very obvious germ 
layers appears to happen most commonly in highly yolky eggs where the 
yolk must be rapidly enclosed by cellular layers in order that it may be 
utilized by the embryo. In such cases also there is often a precocious and 
rapid formation of mesoderm to provide a circulation for the yolk sac. 
Probably both the direct differentiation of blastomeres into organs and 
a prolonged layered condition are modifications of an original mode of 
development. 

Other ways of looking at embryonic development have been sug- 
gested. Most commonly broached is an idea that apparently originated 
with Reichert in 1843 according to which the organs are regarded as 
originating from primordia or primitive embryonic parts. As soon as 
such a primordium separates out from the indifferent embryonic material, 
its fate can be determined. On this basis determinate and indeterminate 
modes of development are readily reconciled, as the blastomeres are 
considered primordia in the one case, the germ layers in the other. The 


latter are primordia from which several primordia may be derived. 
No attempt is made on this conception to homologize the primordia in 
different a nim a l s. The idea is flexible and can necessarily meet with no 
exceptions; but it evades the remarkable similarity of embryonic develop- 
ment evidenced in many groups. Still another suggestion is that of 0. 


Hertwig, that each embryonic stage is mechanically conditioned by the 
preceding one, that a layered condition must necessarily result from 
further development of the blastula, etc. Yet the innumerable variations 


in the developmental process speak against such a mechanical theory. 

Development seems both to conform to and to vary from some general 
plan. 


It may be concluded that no uniformity any longer exists in the mode 
of formation of the germ layers or in the early processes of development. 
The available facts are inadequate either to affirm or deny some original 
uniform method of germ-layer formation, although the evidence favors 
the mesenchymal mode of origin. On the other hand it can scarcely be 
doubted that the later stages of development exhibit a certain similarity 
especially m the Bilateria and that in general each germ layer gives rise 
to certain definite organs. The doctrine of the homology of the germ 
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layers may therefore be considered as broadly acceptable and if appbed 
•with caution may be used in interpreting embryological facts. It must 
always be borne in mind that a developing embryo is living, plastic, and 
modifiable, responding to changed conditions by morphological changes. 
Probably no development at present adheres to its original course, but 
all ontogenies have undergone changes, such as shortening of some 
stages, prolongation of others, precocious development of certain parts 
(heterochronism), and production of larval organs adapted to a free- 
swimming life. We may assume a general tendency toward cutting 
short and condensing stages no longer essential to the life of the embryo 
or to the development of future organs, and toward the precocious or 
new appearance of useful parts. Every ontogeny is a compromise 
between an inherited ancestral mode of development and adaptive 
modifications and adjustments. 


VI. THE LAW OF RECAPITULATION 

The conformity of embryonic processes throughout the Metazoa at 
once suggests some underlying principle, and Haeckel with his genius for 
generalization was not long in supplying one of his brilliantly worded 
aphorisms to meet the situation. This statement, based on the doctrine 
of evolution, is called the biogenetic law or the law of recapitulation. In 
its briefest form it states that “ontogeny (developmental history) repeats 
phylogeny (race history)”; or, in another of Haeckel’s phrases, that 
phylogenesis is the mechanical cause of ontogenesis, which is to say, that 
animals have an embryonic history because they have a long train of 
ancestors behind them. Clearly stated, the law of recapitulation asserts 
that the embryonic stages of a higher animal resemble the adult states of 
its ancestors and that therefore in its development an animal presents to 
the observer the successive ancestors that it had in its evolution. On this 
point of view, every metazoan embryo passes through a blastula and a 
eastrula stage, because the blastaea and the gastraea were the common 
ancestors of the Metazoa. Haeckel was not so clear as to the anatomical 

construction of the later ancestral forms. An important part of the 
theory is the distinction between ancestral and adaptive characters in 
development, the former termed palingenctic, the latter coenogenetic. 
Palingenetic characters are those directly retained without alteration 
from the ancestors; coenogenetic characters are acquired adaptive 
modifications which do not reflect ancestral forms. Haeckel recognized 
that many developmental features are of this latter sort; but it is no 
clear by what criteria they are to be distinguished from ancestral 

characters. . . . tt qo „i. p i 

The law of recapitulation was by no means original with Haec^ 

.mhrvas of hieher animals to lower animals had 
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been noticed by the Greeks but was not again emphasized until the daw n 
of modern embryology at the beginning of the nineteenth century. 
Meckel (1811) stressed this “ parallelism" between the embryos of higher 
animals and adult states of lower ones, and noted that the stage.- of 
development resemble the grades of increasing structural complexity 
into which the lower animals can be arranged. on Baer (1828) objected 
to Meckel's parallelism between embryos and adults, insisting that the 
embryos of higher forms resemble only the embryos, not the adults, of 
lower forms. He expressed the results of his embryological studies in 
four laws: (1) the general characters of a group of animals appear earlier 
in development than the special ones; (2) from the more general char- 
acters the less general arise successively until the end specific features are 
produced, i.e., the characters of the class appear first, then the characters 
of the order, the family, the genus, etc. ; (3) an embryo of a definite species 
tends to diverge from rather than to resemble the embryo of other 
species; (4) an embryo is not like the adult of a lower form but only like 
its embryo. The fourth rule opposes Meckel’s idea and Haeckel’s 
recapitulation theory; but the second rule practically admits that 
embryonic stages correspond to ancestral stages. Haeckel’s recapitula- 
tion borrows more directly, however, from F. Muller (1864) whose 
conception of the relation of phytogeny to ontogeny was somewhat 
broader than Haeckel’s. He considered that evolution might occur in 
two ways: by divergence from the ancestral path during development, and 
by the addition of new stages at the end of development. Haeckel 
adopted Muller’s second idea for his law of recapitulation, which is 
therefore more justly designated the Muller-Haeckel law, and invented 
the conception of coenogenesis to account for Muller’s first supposition. 

The law of recapitulation has been severely criticized in many 
quarters since its enunciation and has been rejected altogether by a 
number of present-day embryologists. The chief criticism against it 
has been well summarized by Garstang. He and many others have 
pointed out that in evolution adult forms do not succeed each other but 
that rather, as each animal is the end result of an ontogenetic process, 
phylogeny consists of a succession of entire ontogenies. Any evolu- 
tionary alteration of an adult animal must be the consequence of some 
change in its ontogeny. The ontogenies therefore of animals closely 
related by descent will remain similar up to a certain point and will then 
diverge. In consequence the embryos of the descendant speci es will 
never resemble the adults of the ancestors because they diverge during 
development before they reach the end ancestral condition. Thus 


embryonic stages do not resemble adult ancestors but only embryonic 


stages of the ancestors. 


For example, although all the higher Metazoa 


pass through a gastrula stage, their gastrulae are never anything like an 
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actual adult coelenterate. The general steps by which advance in 
structural complexity was achieved persist in a simplified form in the 
ontogenies of the higher animals, but their embryos do not actually 
reproduce the adult ancestors that culminated each of these steps. The 
critics of this type therefore reject Haeckel’s statement of the law of 
recapitulation altogether, adopting von Baer’s fourth rule as a more 
correct representation of the facts. They consider that there are no 
palingenetic characters but that all embryonic characters have been 
modified from the ancestral ontogenies and are therefore coenogenetic. 

/Despite thes e^eriticisms the law of recapitulation has continued to 
find favor with some embryologists and with most paleontologists, and 
has been urged anew by a group of modem Russian comparative anat- 
omists. In embryology there are many cases where parasitic or sessile 
forms before undergoing their final degenerative changes pass through an 
ontogenetic stage closely resembling the adults of well-known free-living 
groups. Many examples, of which the ammonites are notable, are cited 
by paleontologists where young stages of more recent fossils are very 
like the adults of geologically older specimens believed to be their 
ancestors. The most clear-cut analysis of the relation between phylogeny 
and ontogenV comes^froiir^Russian school headed by A. N. Sewertzoff, 
who have made an actual extensive comparison between developmental 
stages and ancestral adults; and it is their work that will now be 
summarized . 1 

Their studies have shown that the relation between phylogeny and 
ontogeny (Sewertzoff uses the word phylembryogenesis to express this 
relation) does not follow any one rule but is of several different sorts. 

Addition, Prolongation, or Anaboly — In this type, the develop- 
ment follows the ancestral pattern up to the last ancestral ontogenetic 
stage, to which further new stages are added. It may be represented 
bv the following scheme in which small letters stand for embryonic 
stages, capitals for the definitive adult stage : 

a b c d D 

a b c d e E. 

The descendant follows the ancestral ontogeny through the stage d 
and then adds on a stage e, which leads directly to the definitive adult 
stage E. This type of ontogeny, which appears to be widespread 
among animals, practically conforms to the Muller-Haeckel Jaw o 
recapitulation, since the stage d of the descendant is identical with toe 
last ontogenetic stage d of the ancestor, which in turn differs but little 
from the adult ancestral condition D. Strictly speaking, the adun 
ancestor is not repeated in the ontogeny of the descendants but only 

i The discussion is drawn from the writings of Sewertzoff, Matveiev. and Jeschikott. 
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final ontogenetic stage of the ancestor. Addition also explains von 
Baer’s first and second rules. 

2. Aviation. — Here the ontogeny of the descendant follows the 
ancestral pattern to a certain stage and then diverges along a new line, 

thus: 

abed e f F 
a b c di e\ fi F\ 

This mode of ontogeny does not conform to Haeckel’s law as regards 
recent ancestors, which are not repeated, but can in fact be regarded 
as a case of recapitulation, since the remote ancestors A, B, and C are 
practically repeated by the stages a, b, and c. Consequently the real 
difference between addition and deviation is that in the one the near 
ancestors, and in the other the remote ancestors, are recapitulated. 
Deviation is identical with von Baer’s fourth rule, appears to be of com- 
mon occurrence, and is the mode of ontogeny accepted by many of the 
critics of the law of recapitulation. 

3^Archallaxis. — Here the development from the beginning deviates 
from the ancestral pattern so that there is no recapitulation of either 
embryonic or adult ancestral characters, thus: 

a b c d e f F 

ai bi Ci di ei ft F\ 

Such cases conform neither to Haeckel’s nor to von Baer’s conceptions. 

4. Ab breviation. — The end stages of the ancestral ontogeny are 
omitted so that the definitive adult of the descendant resembles the adult 
of a remote rather than a recent ancestor: 

a b c d e f F 
a b c d e Ei 

Cases of neoteny, in which a larval form attains sexual maturity and 
functions as an adult would also fall under this head. By such omission 
of the end stages of development, structures may also remain in a rudi- 
mentary or simple state or disappear altogether. 

fi-A^celeration. — Here the middle stages of the ancestral ontogeny 
are dropped out so that the later structures appear in the ontogeny of 
the descendant at an earlier stage than they did in the immediate 
ancestors: 

a b c d e f F 
a b eif i Fi 

This process of embryonic acceleration is seen with regard to parts essen- 
tial to the life of the embryo or larva and also in the case of structures 
displaying a high degree of progressive evolution. 
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6. Omission of the early ontogenetic stages and deviation of the 
later ones: 


a b c d e f F 

bi ex di ei f i F i 


Such omission of early stages may be followed by progressive evolution 
in the structures concerned or may result in rudiment ation of an organ 
which then appears in later and later stages of ontogeny in a smaller 
and smaller condition and may eventually disappear altogether from 
the ontogeny^ 

7. (Cpenogenesis. — This term should be restricted to the appearance 
of special adaptations, in larval or embryonic life, that are new formations, 
hav^ no ancestral significance, and disappear during larval or embryonic 
life. j 

o. Heterochronism ' — Under this name have been included a variety 
of time displacements in development in which organs appear earlier 
or later than is the case in the ancestral ontogeny. Some of these cases 
fit into the foregoing categories, e.g., acceleration, while others have not 
been sufficiently analyzed** 

(From the foregoing discussion it is evident that the developmental 
stages of an animal may resemble adult ancestors or the embryonic 
stages of an ancestor or may deviate somewhat from either of these or 
may bear no resemblance at all to an ancestor/ The same remark 
applies to individual parts or organs of embryos. Resemblance to ances- 
tral forms, embryonic or adult, is a common and widespread phenomenon 
and consequently the practice of drawing phylogenetic conclusions from 
the study of development is to a large extent justifiable. Recapitulation 
in its narrow Haeckelian sense, as repetition of adult ancestors, is not 
generally applicable; but ancestral resemblance during ontogeny is a 
general biological principle. There is no need to quibble over the word 
recapitulation; either the usage of the word should be altered to include 
any type of ancestral reminiscence during ontogeny, or some new term 

should be invented. 


VII. CELLULAR DIFFERENTIATION 

All the various types of cells known in animals make their appearance 
early in the Metazoa. The principal cell forms of animals are: epithelial, 
connective . muscular , nervous , and reproductive . A complex of approxi- 
mately like cells is called a tissue. A combination of two or more kin ds of 
cells or tissues into a functioning whole is termed an organ. The radiate 
phyla are constructed of cells and tissues with but little aggregation of 

these into organs. 
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.the causes of cell differentiation are u n known but appear to lie 
primarily in surrounding conditions. It is probable that any cell can 
transform into any other type of cell under proper circumstances or if 
acted upon early enough in ontogenesis. But fully differentiated adult 
cells can also transform into other types. It appears, however, that 
many animals contain a stock of undifferentiated, somewhat embryonic 
cells that come into action in cases of injury, regeneration, asexual 
reproduction, etc., and differentiate into any type of cell. 

Epithelial cells are regarded as the most primitive type of metazoan 
cell since the simplest Metazoa and the early stages of metazoan embryos 
consist largely of epithelial cells. Epithelial cells are always united by 
means of protoplasmic bridges or a thin cement into sheets to form 
epithelial tissue, more briefly termed an epithelium, which covers and 
lines all the free body surfaces, both external and internal. The forming 
of a protective covering is therefore the primary function of an epi- 
thelium. Epithelia are simple, i.e., composed of a single layer of cells, 
or str edified, consisting of many layers; those of the invertebrates are 
almost always simple, sometimes pseudostratified. The following sorts of 
epithelia occur in invertebrates; unless otherwise specified they are 
understood to be simple. 

1. Squamous or flattened, in which the cells are flattened to a thin 
layer. This type is most common as the lining of blood vessels and 
other internal spaces (Fig. 76 H, K). Such flat internal linings are often 
designated endothelia, but no real basis exists for distinguishing them 
from external epithelia. 

2. Cuboidal, composed of squarish cells (Fig. 76 F). 

3. Columnar, composed of tall cells (Fig. 76.4, G, M). 

4. Pseudostratified, in which some of the cells of a usually columnar 
epithelium are forced inward so that they barely touch the surface or 
do not touch it at all, giving an appearance of an epithelium two or three 
layers thick. 

5. Ciliated, with the free surface of each cell bearing a number of 
cilia. Ciliated epithelium is always cuboidal or columnar (Fig. 76.4). 

6. Flagellated, with a single long flagellum springing from the free 
surface of each cell, otherwise much like ciliated epithelium. 

7. Glandular, when the cells have secretory functions and are filled 
with the granules that become the secretion (Fig. 76 G). 

8. Nutritive, referring to the lining of the digestive tract. 

9. Pigmented, wrhen containing pigment granules, usually either of 

the melanin type, brown to black, or of the lipochrome type, red and 
yellow. 

10. Sensory, when the cells are altered to sensory cells (Fig. 76 M ) , 

11. Germinal, when giving rise to sex cells. 
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Epithelial cells are generally polarized with respect to the free and 
attached surfaces; the polarity is evidenced by the position of the 
nucleus and the arrangement of organoids and inclusions. The interior 
is often granular or fibrillar. The basal end rests upon a basement 
membrane and is often amoeboid or may be drawn out into muscular 
fibrils. The free end often bears a border of modified protoplasm that 
may be condensed or striated (“brush border”) or provided with rows of 
granules. The surface epithelium in invertebrates often secretes a 
noncellular protective covering, called cuticle (Fig. 76 G) when merely a 
thin flexible membrane, exoskeleton when thick and hard due to impreg- 
nation with lime. 

Single cells or whole areas of an ordinary epithelium may differentiate 
into the various sorts specified above. Very common is the formation 
of single gland cells, also called unicellular glands (Fig. 76 G). These are 
filled with granules or spherules that are ejected as secretions useful to 
the animal, generally enzymes or protective slime. Unicellular glands 
are generally pyriform or conical with either the broad or the narrow 
end at the surface. When an epithelial area becomes glandular this may 
remain flush with the surface or nearly so but commonly invaginates 
into a tubular or rounded structure termed a simple gland. The 
tubular or rounded (acinous) invaginations may branch again to form 

a compound gland. The connection with the surface commonly becomes 
a dud. 

Another common differentiation of epithelial cells of the external 
surface consists in their transformation into sensory cells. These may be 
single or combined in groups to form a sense organ , generally with the 
cooperation of other types of cells. Sensory cells or sense organs may 
be supplied with nerve fibers from the nervous system or may themselves 
be actual nerve cells, with an elongated sensory end extending to or 
beyond the surface and with a more deeply situated cell body from 
which a fiber runs to the nervous system. For accuracy the latter type 
is termed sensory nerve cell (Fig. 76 M). 


general visceral mass. F. Section through the body wall of a snail, showing cuboidal 
epithelium, fibrous connective tissue, free amoeboid cells, and black pigment cells G 
Section through the epidermis of an earthworm, showing gland cells among the regular 
epithelial cells; smooth muscle fibers below the epithelium. H. Section through a f^sh- 

showing flat squamous epithelium lining a canal and mesenchyme made of 
free amoeboid cells. /. Pigment cells of a shrimp {after Degner , 1912) ; the smallest one is 
yellow, the largest gray, the two medium ones red. K . Fat cells and flat squamous epi- 

grasshopper, from slide {Courtesy A . E . Galigher.) L. Group^f four ne£e 
cells and M, three sensory nerve cells with three epithelial cell*? all ~ 

wr- «?** v swJ.r 

natrng hght; anddark disks. 1, smooth muscle fibers lengthwise; 2, same in cross section- 3 

sas asrsJt tsars^sr- ““ & 
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The lining of the digestive tract is always an epithelium, and in the 
radiate phyla this entodermal epithelium constitutes the entire digestive 
system. The epithelium of the digestive tract serves in whole or in part 
in food utilization and may be termed a nutritive epithelium. It is 
commonly a columnar epithelium (Fig. 76.4), sometimes ciliated or 
flagellated, and in the lower forms is interspersed with unicellular glands. 
In the lower phyla it is both absorptive and digestive, being highly 
phagocytic and engulfing and digesting food particles like a protozoan. 

In the higher phyla it is purely absorptive. 

The connective or supporting tissues are always located internally 
between other parts and as the name implies serve to lend strength and 
firmness to the body. They are characterized by the loose, scattered 
arrangement of their cells and by the intercellular substance fluid, 
gelatinous, fibrillar, or hard — in which the cells he and which they 
secrete. Connective tissue is in the final analysis of epithelial origin, 
consisting of cells that have loosened themselves from an epithelium, 
become amoeboid, and migrated internally. Such primitive connective- 
tissue cells are termed amoebocytes or mesenchymal cells. They may exist 
independently, hardly associated into any proper tissue, or may be held 
together by a more or less firm intercellular secretion into a definite con- 
nective tissue. To the former class belong the blood cells, pigment 
cells, wandering amoebocytes, etc., of many invertebrates. As definitive 
connective tissues of invertebrates may be listed mesenchymal, fatty. 


fibrillar, and chondroid types. „ 

Scattered amoebocytes that wander about in body fluids and spaces 

are very common in invertebrates. They constitute the so-called blood 
cells resembling the lymphocytes of vertebrates. These usually do not 
contain the oxygen-carrying chemical, for this in invertebrates is com- 
monly dissolved in the fluid part of the blood. Most of these amoebo- 
cytes are simply phagocytic in function ; others carry reserve food supplies 
or gather up excretory matters and convey them to the outside Some 

acquire coloring matter and become pigment cells (Fig. tQF, J), w c 
may be stationary or wandering and may develop branching pseudopodia. 
With independent connective-tissue cells may be classed the cells found 
in many animals, which are believed to be undifferentiated embryonic 

etc! from which the sex cells drfferentiate m many cases and 

which are active in wound repair and regenerate e processes. 

The most primitive of the definitive connective tissues is the 
cJe (F™ 7W ), which consists of amoeboid cells with Want or dehetfe 

pseudopodia may touch or coalesce forming a 

17 . .Wow nocked, the mesenchyme is often termed parenmy 
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when scattered with much gelatinous secretion between them, the name 
collenchyma is sometimes employed. Mesenchyme is widespread in the 
embryonic development of Metazoa and is persistent in the adult stage 
of many invertebrates. From mesenchyme are developed the firmer 
sorts of connective tissue, such as fibrillar (Fig. 76 C, E, F), in which 
fibrils are laid down between the cells, and chondroid, where the cells 
secrete a cartilage-like substance, as in many mollusks (Fig. ID). Fatly 
connective tissue containing fat deposits is known among invertebrates 
only in insects (Fig. 76 K). True cartilage and bone are absent in 
invertebrates, which tend to secrete external noncellular rather than 
internal cell-containing hard parts. But true internal skeleton ( endo - 
skeleton) formed by the mesoderm occurs in echinoderms. 

Muscle cells may originate either from epithelial cells or from mesen- 
chyme. It is generally stated that the most primitive muscle cells are 
the epitheliomuscular cells of coelenterates in which the muscles consist 
of the elongated fibrillar bases of the epithelial cells and form part of 
the latter. However, as separate muscle cells exist in sponges, this 
idea may be doubted. Muscle cells are elongated, often fibrillar, cells 
that accomplish movement by shortening. The majority of invertebrate 
muscle cells resemble the smooth muscle cells of vertebrates (Fig. 76D, G ). 
However, advanced types also occur as the diagonally striated muscle 
cells of mollusks and the cross-striated ones of arthropods (Fig. 76A T ), 
which resemble closely in their minute structure the cross-striated muscles 
of vertebrates. In the lower invertebrates, muscle cells are either isolated 
or more often arranged in layers, which may be cross, diagonal or longitu- 
dinal to the main body axis; but in the higher invertebrates separate 
muscles, i.e., bundles of muscle cells, occur as in vertebrates. 

The nerve cells (Fig. 76 L) of invertebrates are quite like those of 
vertebrates, consisting of a cell body containing the nucleus, and one to 
several processes, the neurites, springing from the cell body. Multipolar, 
bipolar, and unipolar nerve cells, with several, two, or one neurite,' 
respectively, occur in invertebrates. In the lower Metazoa, nerve cells 
are scattered throughout the body; but in the higher invertebrates they 

tend to aggregate in a central nervous system as in vertebrates, then 
supplying the body by means of the neurites only. 

The reproductive cells, also termed sex cells, germ cells, gonocytes 
etc, are usually regarded as a variety of epithelial cell, but in many cases 
they come from the indifferent cells of the mesenchyme. In some ani- 
mals they descend directly from certain embryonic cells that are known 
as primordial germ cells. Some years ago it was general in zoological 
circles to believe that the germ ceUs in all animals had some such special 
line of descent and thus to regard them as composed of some sacred 
material not to be contaminated with ordinary body protoplasm This 
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view was one of several originating with Weismann’s theory of a rigid 
separation of body and ger min al plasm. Today, however, opinion has 
swung decidedly in the opposite direction as a result of convincing proof 
that in many animals, including man, the sex cells come from ordinary 
mesoderm cells. Cases where the sex cells are produced from a special 
line of cells (“ germ track”) have been established in many phyla and may 
represent the more primitive condition. 

The female germ cells, termed eggs or ova, arise from connective-tissue 
or epithelial cells by a growth process in which they become filled with 
food reserves either through engulfing other cells or through being fed 
by neighboring cells. The male sex cells, or spermatozoa, begin in the 
same wav as ordinary cells, but these undergo a striking transformation, 
the nucleus becoming the oval or elongated head of the spermatozoan, 
the cytoplasm its long vibratile tail. The process of sex-cell formation 
is called garnet agenesis, or ovogenesis and spermatogenesis, respectively; 
the unaltered cells immediately ancestral to the sex cells are termed 
ovogonia and spermatogonia, respectively; and the last two generations 
which undergo the maturation divisions (page 14) are called ovocytes 
and spermatocytes. In the case of the female sex cells, the cell resulting 
from the second maturation division is itself the mature egg ready for 
fertilization; but in the male sex cells, the resultant of the second maturar 
tion division is termed a spermatid and undergoes the transformation 
mentioned above into a functional spermatozoan. In most invertebrates 
the sperm are of the usual flagellate type; but in some peculiar shapes 

occur, especially in arthropods. 
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METAZOA OF THE CELLULAR GRADE OF CONSTRUCTION— 

PHYLUM PORIFERA , THE SPONGES 

L THE CHARACTERS OF THE PHYLUM 

1 Introduction. — The nature of sponges was debated until well into the nineteentl 
century, although evidence of their animal nature was adduced in 1765 by E lli=x whc 
saw the water currents and movements of the oscula. As a result, Linnaeus, Lamarck 
and Cuvier placed the sponges under Zoophytes or Polypes in their systems, regardinj 
them as allied to anthosoan coelenterates, and many investigators sought to find fa 
sponges the polyps they thought must be there. Although de Blainville (1816 
recognised the lack of affinity of sponges with coelenterates and separated them inti 
a group Spongiaria allied to Protozoa, this idea gained little notice, and, througl 
much of the nineteenth century, sponges were placed with coelenterates, usual! 
under the name Coelenterata , or Coelenj& ra, or Radiajja. The morphology am 
physiology of sponges were first adequately understood by R. E. Grant, beginninj 
1825, who created for the group in 1836 the name Porifera (Latin, porus, pore, fei i <>, t 
bear), by which it is now generally known. Other names in use throughout th 
nineteenth century were Spongiae, Spongida, Spongiaria, etc. Huxley (1875) an 
Sollas (1884) proposed the complete separation of sponges from other Metazoa on th 
grounds of their many peculiarities, but this view did not find its present genen 
acceptance until about the beginning of the twentieth century. Sponges are n<* 
recognized as constituting a separate isolated branch of the Metazoa, named 

after Sollas. 

2. Definition. — The Porifera are asymmetrical or radially symmetries 
Metazoa of the cellular grade of construction, without organs, mouth c 
nervous tissue, with a body permeated with pores, canals, and chambei 
through which a water current flows, and with one to many intern 

cavities lined with choanocytes. . 

3 . General Cbaracters.-With the Porifera or sponges no begin U 

account of the Metaaoa or cellular layered animals. The s P° n P® “ 
the lowest of these, having remained at a grade of strnctnre 
termed cellular, i.e., a loose aggregation of cells hardly form 
tissues. Sponges consist essentially of eBittafe andftesenchy- 
There are no organs or systems, no mouth or digestive tract 
functions am performed by the activities of celti acting mom or 1. 

independently and cooperating but little with each other- 

Some sponges exhibit definite form and radial symmetry, bavu« 
vase-like shape, but the majority grow irregularly in a P^t-Ukem 
forming flat, funded, or branching structures, devmd of ^ 
Among the distinguishing features of the phylum is perf 
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the surface by numerous apertures serving for the ingress and egress of 
water. The incurrent openings or ostia are small and numerous whereas 
the excurrent openings or oscula are few and large. T e interior is 
hollow or is permeated by numerous channels, and all or some of the 
interior space or spaces is lined by special cells, the choanocytes or collar 
cells, which closely resemble the choanoflagellates (page 107), having a 
single flagellum encircled at its base by a protoplasmic collar. The pos- 
session of choanocytes at once distinguishes sponges from all other 
Metazoa, although choanocyte-like cells occur sparingly in some other 
animals. Nearly all sponges possess an internal skeleton, secreted by 
the amoebocytes of the mesenchyme, and consisting of separate crystal- 
line bodies, the spicules, or of organic fibers or of both, sometimes with 
the admixture of foreign particles. The spicules are made of calcium 
carbonate or of silicic acid. Sponges lack nervous and sensory cells so 
far as known, but their cells show some differentiation into epithelial, 

muscle, and possibly gland cells. 

All sponges are sessile and incapable of locomotion in the adult 
state, living fastened'lo rocks, shells, and other objects, or rarely rolling 
about on the bottom. They are all marine with the exception of the 
f amil y glponfillida e. common in ponds and lakes throughout the world. 
Sponges grow' by spreading and branching in a plant-like manner and 
have high powers of regeneration. A characteristic mode of asexual 
propagation by means of special cell masses termed gemmules occu rs. 
Sexual reproduction is universal with the format ion of typical eggs and 
spermatozoa and the producti on oT free-s wimming larvae. 

The sponges possess a very low gradeof organization, but the slight 
differentiation of cells for various functions, the cooperation of the 
cells in producing a functional whole molded into a form more or less 
characteristic for each species, and particularly the secretion of specific 
types of skeleton all bespeak a certain amount of individuation and a 
structural grade somewhat higher than that of a protozoan colony. 

H. CLASSIFICATION OF THE PHYLUM 

The classification of sponges presents great difficulty, and no one 
scheme has been unanimously accepted by specialists on sponges. The 
classification is based chiefly on the type of skeleton, and this serves to 
mark off rather sharply two groups of sponges, the calcareous and the 
glass sponges. The remaining siliceous and horny sponges are, however, 
less clearly delimited, and they are variously subdivided by different 
specialists. The following arrangement is based on the publications of 
Topsent, H. V. Wilson, and de Laubenfels. 

Class L Cal car ea or Calcispongiae, the calcareous sponges. Skeleton composed 

of separate calcareous spicules, one-, three-, or four-rayed, not divisible into mega- 
scleres and microscleres. 
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Order I, Homocoela, the ascon sponges. Structure asconoid. 

Order 2. Heterocoela. Structure syconoid or leuconoid. 

Class II. Hexactinellida or Triaxonida or Hyalospongiae, the glass sponges. 
Skeleton composed of triaxon (six-rayed) siliceous spicules or some modification 
of the triaxon form, separate or united into networks; choanocytes limited to finger- 
shaped chambers arranged in a simple or folded layer; without surface epithelium. 

Order 1. Hexasterophora. With hexasters, without amphidisks. 

Order 2. Amphidiscophora. With amphidisks, no hexasters. 

Class HI. Demospongiae. Skeleton of siliceous spicules or homy fibers or both; 
siliceous spicules not triaxon, generally differentiated into megascleres and micro- 
scleres; flagellated chambers mostly small, round, of the leuconoid type. 

Subclass L TgrBAcnxBixiDA. With tetraxon spicules; no spongin; 
spicules sometimes wanting. 

Order 1. Myxospongida. Without spicules; structure simple. 

Order 2. Camosa or Homosclerophora or Microsclerophora. Megascleres 
and microscleres not sharply differentiated; mostly without triaenes; asters may be 



Order 3. Choristida. With long-shafted triaenes; megascleres and micro- 
scleres distinct. 

Suborder 1. Astrophora. Microscleres include asters. 

Suborder 2. Sigmatophora. Microscleres when present are sigma s. 
/-'Subclass II. Moxaxoxida. Megascleres monaxonial; with or without 

Spongin. 

Order 4. Hadromerina or Astromonaxonellida. Megascleres mostly 
jfcrtbstvles; microscleres when present some form of aster; without spongin. 

Order 5. Halichondrina. Megascleres* mostly of two or more kinds; 

micregcleres wanting or are rhaphides; with little spongin. 

Order 6. Poecilosclerina. Megascleres often of two or more sorts, localized 
in distribution; reticulate, united by more or less spongin; often with echinating 

spicules; microscleres include sigmas, chelas, and toxas. 

Order 7. Haplosclerina. Megascleres of one kind, diactinal, without 

special localization; with or without microscleres; spongin generally present. 

Subclass III. Keratosa, the homy sponges. Skeleton composed of spongin 

fibers, without siliceous spicules. 

GENERAL MORPHOLOGY AND PHYSIOLOGY 

1. External Characters. — The simpler and smaller sponges, particu- 
lariy those belonging to the Calc area and Hexactinellida, often exhibit 
some degree of radial symmetry, having an elongated cylindrical or vase- 
shaped hollow body fastened at one end and narrowing at the other to a 

single oseulum (Figs. 77 B, 86 A, 8 SB, C, and 91.1, B, D). Many of the 
Choristida and Hadromerina are more or less spherical with an internal 
radiating structure (Figs. 97.4, B, 100A, B). But the great majority of 
sponges lack definite symmetry and form small to large growths, some- 

times cu^ or funnel-shaped or fan-like (flabelUform) but 
irregular form, massive, encrusting, or branching (Figs. 77, 91, 
and 103 F) with the surface studded with innumerable pores and bearing 
many oseula, often on the summit of branches or projections or some- 
times sunk into crater-like depressions. The form is very labile, molded 



METAZOA OF THE CELLULAR GRADE OF COSSTRUCTIOS 28 


IV! 

-:■) \ % 





i m- 


* 

i 






ar>* ; 




M W/ 

/) 


r>rM 


I 


m 

A h 


mi 


• V 

A m 


***** 


m 


'/r> 

'f-.i 




y.’h 
: ",/M 



W $|v' vv^v ' J * * I * >V 



vpy 




rea 

. v »2 

e>« 





K *-*' -•• 


, ' •> 


X'' 


k -oi • # 
*» % - . 


,« , • # • • 
X » # • A < 


s*. * 

,»#*'• * *»• 
• , » ♦ * • 4 * * 1 , 

’♦*♦**• 


»_* • 


_ • • 




fW* v 

rA.H< 


w 

% 


Vvf.ui 


5 - 


v -j 

vr 


p 




ji 



^vh.vU: •> •*. • 

i- - > v . . 





/ / - 
/ In 




?A 'Oi 


h! 


i: .- / 


\' V r- v*> i <fi 

WT'\J 

froJ I We 77 A^ e Co I ^ Pl B ° V^.T' ^ **"*”"“ *"**"» ^der Poecilosclerina), 

^ “TSt-f « 3 S 

*•*- - i. i— «i£K2L f'™^iLr.ri sh »™« •?«■ *» 



288 THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 


to the substratum, and in many species subject to much variation with 
respect to environmental conditions, particularly water currents. A few 
forms lie loose on the bottom, but the majority are fastened to a sub- 
stratum, usually consisting of hard objects, such as rocks, shells, timbers, 
coral skeletons, plants, etc., to which they are attached directly by the 
base. Those inhabiting the muddy bottoms of deeper waters, par- 


ticularly the hexactinellids, are generally fastened to the mud by means 
of root bundles of long spicules (Figs. 77 E and 91B, C). In some forms 
the main body of the sponge is elevated from the substratum by a slender 
stalk-like part. Sponges vary in size from small crusts or growths or 
simple vases a few to 10 or 15 mm. in height to large rounded masses or 
upright growths that may reach a diameter or height of 1 or 2 m. Their 
most notable external feature apart from shape is their general porous 
appearance. Most of the calcareous and siliceous sponges also have a 
bristly rough exterior because of the projecting spicules whereas the 
horny sponges and some others are generally slimy in life or with a 
smooth, hard, or leathery surface. The majority of sponges are of an 
inconspicuous flesh, drab, or brownish coloration but some are bright 
orange, yellow or red from the presence of lipoehrome pigment in some 
of the amoebocvtes and other colors, such as blue, violet, and black, 
also occur. In general the sponges of deeper waters are of dull appear- 
ance while shallow water Demospongiae are often brightly hued. The 
fresh-water sponges, generally of brownish-green color from the presence 
of zoochlorellae, form encrusting, slightly branching growths on sub- 
merged objects (Fig. 103G) and may be recognized by their simple 


monaxon siliceous spicules. , 

2 Structure.— The structure of sponges is best understood by refer- 

ence'to the simplest or asconoid type (Fig. 78). In this there is a radially 
svmmetrical vase-like body consisting of a thin wall enclosing a arge 
cent ral cavity, the sponpocoel,' opening at the summit by the ^nanowed 
osculum The wall is composed of an outer and an inner epithelium wi 
a mesenchyme between. The outer or dermal epithelium, here termed 
epidermis t'o conform to the usage in other animals consults »fa an^e 
layer of thin flat cells (Fig. 80.4). The inner epithehum, hmngft 
spongocoel, is composed of ehoamcyUs, in loose contact, in a single 

of amX-les (frJ amoeboid e«, ali embedded L ma 

gelatinous^ matrix. The spicules support, the body trail «dhddj*« 
sponge erect. The cells of the mesenchyme originate in com 
the epidermis and hence may be considered of the nature of ectom ‘ ic 

The wall of the asconoid sponge is pierced by numerous 

1 The author has coined this term to replace the ngmj* 

cavity” or “cloacal cavity” commonly applied to the central c y 
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apertures termed incurrent pores or ostia . which extend from the external 
surface to the spongocoel. Each pore is intracellular, i.e., it is a canal 
through a tubular cell called a porocyte (Fig. 80-4). The water current 
impelled by the flagella of the 
choanocytes passes through the 
incurrent pores into the spongocoel 
and out through the osculum, 
furnishing in its passage food and 
oxygen and carrying away meta- 
bolic wastes. 

The important features of the 
asconoid structure are the simple 
wall and the complete continuous 
lining epithelium of choanocytes, 
interrupted only by the inner ends 
of the porocytes (Figs. 78, 79-4). 

It will be perceived that the 
asconoid type of sponge superfi- 
cially resembles a typical gastrula, 
and Haeckel cited the asconoid 
sponges as close approximations to 
his gastraea, or ideal diploblastic 
ancestral metazoan. But the 
asconoid sponges are not dip- 
loblastic, having a mesenchymal 
layer between their two epithelia, 
and the correspondence of these 
epithelia with the ectoderm and 
entoderm of the Eumetazoa is 
very doubtful. 

The asconoid structure occurs 
in only a very few sponges; the 
vast majority show a more com- 
plicated construction, which can, 
however, be derived theoretically 
from the asconoid condition. The 
first stage above the asconoid type 
is termed the syconoid type (Fie 



Fig. 78 —Diagram of the simplest type of 
^ponge, the asconoid type. 1, osculum; 
2, layer of choanocytes; 3, spongocoel; 4, 
epidermis, 5, pore through porocyte; 6, poro- 
cyte; 7, mesenchyme; 8, amoebocyte; 9 
spicule. 


1 and f f0 T ed by . the ° Utpushing of the waU of ^ asconoid sponge at 
regular intervals into finger-like projections, called radial canals. A^first 

these radial canals are free projections and the outside water surrounds 

their whole length, for there are no definite incurrent channels (Fig 87A ) 

But in most syconoid sponges, the walls of the radial canals fSn lfch 
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a mann er as to leave between them tubular spaces, the incurrent canals 
which open to the exterior between the blind outer ends of the radial 
canals by apertures termed dermal ostia or dermal pores (Fig. 875). 
Since these incurrent canals represent the original outer surface of the 
asconoid sponge they are necessarily lined by epidermis. The radial 
canals being outpushings of the original spongocoel are necessarily lined 
by choanocytes, and are therefore better called flagellated canals. The 
interior of syconoid sponges is hollow as in asconoids and forms a large 
spongocoel, which is lined by a flat epithelium derived from the epidermis. 
The openings of the radial canals into the spongocoel are termed internal 
ostia. The syconoid sponges retain the radial vase form of the asconoids 
and the spongocoel opens to the exterior by the single terminal osculum. 
The wall between the incurrent and radial canals, representing the 
original wall of the asconoid sponge, is pierced by numerous minute pores 
called prosopyles, which obviously correspond to the incurrent pores of 
asconoid sponges but apparently are simply intercellular spaces, not 
channels through porocytes. The surface openings, or dermal pores, 
clearly do not correspond to any structure in the asconoid type and in 
the unmodified syconoid sponges are simply spaces guarded by projecting 
spicules. Syconoid sponges are supported by a spicular skeleton situated 
in the mesenchyme. The water current in syconoid sponges takes the 
following route: dermal pores, incurrent canals, prosopyles, radial canals, 
internal ostia, spongocoel, osculum. 

The syconoid sponges differ from the asconoid type in two important 
particulars: first, in the thick folded walls containing alternating incur- 
rent and radial canals; and, second, in the breaking up of the choanocyte 
layer, which no longer lines the whole interior but is limi ted to certain 
definite chambers (radial canals). 

The syconoid structure occurs in two main stages. The first type, 
illustrated in a few of the heterocoelous calcareous sponges, especially 
members of the genus Sycon, corresponds to the foregoing description 
(Fig. 795). The external surface is made of the blind outer ends of the 
radial canals, the spaces between which serve as dermal ostia. In the 
second stage (Fig. 79 C), the epidermis and mesenchyme spread over 
the outer surface forming a thin or thick cortex, often containing special 
cortical spicules. The epidermis becomes pierced by more definite pores 

that lead into narrowed incurrent canals. These pursue a more or less 

- — ^ 

Pig. 79.— Diagrams of various types of sponge structure. A. Asconoid type. B. 
Syconoid type, early stage without cortex. C. Final syconoid stage, with cortex D 
Leuconoid type with eurypylous chambers. E. Leuconoid type with aphodal chambers’ 
r. Leuconoid type with diplodal chambers. Choanocyte layer in heavy black, mesenchyme 
stippled. 1, mesenchyme; 2, choanocyte layer; 3, incurrent pore; 4, prosopyles; 5, radial 
canal; 6, m current canal; 7, osculum; 8, spongocoel; 9, internal ostium; 10, dermal pore- 
11, excurrent channel; 12, flagellated chamber; 13, aphodus; 14, apopyle; 15, prosodus. ’ 
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irregular course through the cortex, branching and anastomosing, before 
they reach the outer ends of the flagellated chambers, or they may form 
large cortical spaces, the subdermal spaces. 

By a continuation of the process of outfolding of the choanoeyte 
layer, the third or leuconoid type of canal system (Fig. 79 D) results. 
The choanoeyte layer of the radial canals of the syconoid stage evaginates 
into many small chambers, and these may repeat the process, so that 

clusters of small rounded or oval flagellated chambers replace the 

* 

elongated chambers of the syconoid stage. The choanocytes are limited 
to these chambers. Mesenchyme fills in the spaces around the flagel- 
lated chambers, the spongocoel is usually obliterated, and the whole 
sponge becomes irregular in structure and indefinite in form with the 
interior permeated b 5 * a maze of water channels. The surface is usually 
covered by an epidermal epithelium (not in hexaetinellids) pierced by 
dermal pores and oscula. The dermal pores lead into incurrent passages 
that branch irregularly through the mesenchyme, or in many cases the 
dermal pores may open into large subdermal spaces crossed by columns 
of spicules supporting the surface layer. The subdermal spaces and 
incurrent canals lead into the small rounded flagellated chambers by 
openings still termed prosopyles. The flagellated chambers open by 
apertures called apopyles into excurrent channels, and these unite to 
form larger and larger tubes, of which the largest lead to the oscula. 
When the apopyles open directly by wide mouths into the excurrent 
channels, the system is termed eurypylous (Fig. 79 D). When a narrow 
canal, the aphodus, intervenes between the chamber and the excurrent 
canal, the system is called aphodal (Fig. 79 E). In some cases there is 
also a narrow tube, the prosodus. between the incurrent channel and the 
chamber; such a condition is diplodal (Fig. 79 F). Frequently the body 
of leuconoid sponges is divisible into two regions, an outer edosome 
devoid of flagellated chambers and composed of cortex or of the dermal 
membrane and the subdermal spaces; and an inner choanosome or endo- 
some in which the clusters of flagellated chambers are located (Fig. 
96C). The term cortex is applied to an ectosome that differs from the 
choanosome in histological structure or spicule type and arrange- 
ment. A dermal membrane consists of epidermis plus a thin stratum of 

mesenchyme. . . 

The main characteristics of the leuconoid system are the limitation 

of the ehoanocvtes to small chambers, the great development of the 
mesenchyme, and the complexity of the incurrent and excurrent water 
passages” The water current takes the following route: dermal ostia, 
subdermal spaces and incurrent channels, prosodus when presen , 
prosopyles, flagellated chambers, apopyles, aphodus when presen , 

excurrent canals, larger channels, oscula. 
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The leuconoid structure may be attained by way of asconoid and 
syconoid stages, but most leuconoid sponges derive from a stage termed a 
rhagon which in turn arises by direct rearrangement of the inner cell mass 
of the larva. The rhagon is conical, tapering from a broad base to the 
summit bearing the single osculum (Fig. 96.4). The spongocoel is 
bordered by oval flagellated chambers opening into it by wide apopyles. 
Between the chambers and the epidermis lies a considerable thickness of 
mesenchyme traversed by incurrent canals and subdermal spaces. The 
simpler leuconoid types develop directly from the rhagon by outfoldings 
of the flagellated chambers and the resulting formation of excurrent 
canals between the chambers and the larger excurrent channels (Fig. 
96 B, Q. 

The vast majority of sponges are constructed on the leuconoid plan, 
which exhibits innumerable variations and has undoubtedly arisen 
independently over and over again in different groups of sponges. No 
doubt the much greater frequency of the leuconoid than the other canal 
systems may be attributed to the larger size permitted by this type of 
structure and its greater efficiency in producing a water current. 

3. Histology. — The cells of sponges are somewhat differentiated for 
various functions but with the possible exception of the choanocytes 
appear to be only slight modifications of a relatively undifferentiated 
amoeboid cell corresponding to a mesenchyme or primitive connective- 
tissue cell of higher animals. The surface epithelium or epidermis con- 
sists in at least some sponges of large flat polygonal epithelial cells, 
called pinacocytes, each with a thickened central bulge containing the 
nucleus (Fig. 80A, L). Seen from above the pinacocytes are closely 
fitting polygonal cells (Fig. 80D), often with inclusions; seen in profile 
(Fig. 80L) they present a central nucleated lump and thin margins con- 
tinuous with those of adjacent pinacocytes. Pinacocytes (endopina- 
cocytes) also line the incurrent canals and spongocoel of syconoid 
sponges and the larger canals and spaces of leuconoid sponges. Pina- 
cocytes are highly contractile cells, and, by the withdrawal of the mar- 
gins into the central bulge, they can greatly reduce the surface area of a 
sponge. In many sponges the epidermis is not an epithelium of separate 
cells but a syncytium, a continuous membrane containing scattered 
nuclei (Fig. 802?). This has been designated an epithelioid membrane 
by H. y. Wilson. A definite epidermis is lacking in the Hexactinellida. 

In the asconoid sponges, pore cells or porocytes occur at frequent inter- 
vals among the pinacocytes. These are usually said to be modified 
pinacocytes, but Prenant (1925) derives them from the amoebocytes of 
the mesenchyme. Porocytes are tubular cells reaching from the epider- 
mis to the spongocoel, pierced by a central canal that acts as incurrent 
pore (Fig. SO A). They usually contain many spherical inclusions and 
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are highly contractile, effecting closure of the pore by advancing a thin 
sheet of cytoplasm, called the pore diaphragm , from the edge to the 
center at the outer end of the canal (Fig. 80 B). According to Prenant, 
the porocytes are degenerate cells that are eventually cast off. The 
dermal pores of the syconoid and leuconoid sponges obviously do not 
correspond to the incurrent pores of asconoid sponges, and their nature 
is disputed. It is probable that they are usually simply circular openings 
through the epidermis (Fig. 80D), but even so they can be closed by 
protoplasmic extension of the surrounding cells or of the syncytium in 
cases where the epidermis is an epithelioid membrane, as well as with the 
aid of special muscle cells. In fresh-water sponges Brien (1932) found 
that the dermal pores begin as channels through porocytes, but later the 
porocytes disappear, leaving the pore as an epidermal opening. The 
prosopyles are homologous with the incurrent pores of ascon sponges but 
whether they are intracellular channels through porocytes or simply 
intercellular spaces has never been determined. 

The mesenchyme consists of a gelatinous transparent matrix, com- 
monly called mesogloea y presumably of a protein nature, in which free 
amoeboid cells or amoebocytes wander about. When there are much 
mesogloea and relatively few cells, the mesenchyme is termed collenchyma; 
when the cells are numerous, the name parenchyma is applied. The 
amoebocytes (Fig. 80C, F, H, K) are usually of several different kinds in 
each species of sponge, varying in size, type of pseudopod, and kind of 
inclusion; those of different species often do not show much correspond- 
ence. Types with slender branching pseudopods are called collencytes 
and may be united into a syncytial network. Others have lobose pseudo- 
pods and are often packed with granules or spherules or pigment bodies 
or excretory inclusions (Fig. 80C, K). Some of these types have received 
names; thus pigmented amoebocytes are called chromocytes ) and those 
filled with food reserves, thesocytes; but it is probable that any of the 
amoebocytes can serve these functions. Amoebocytes in the act of 
secreting skeleton are termed scleroblast s and according to the nature of 

Fig. 80. Histology of sponges. A. Cross section through an asconoid sponge, Leuco - 
soienia . ( After Prenant , 1925.) Porocyte of Leucosofenia , with surrounding choano^ 

cytes. ( After Minchin, 1898.) £/. Types of amoebocytes of Leucosolenia. ( After Prenant, 

1925.) D. Epidermis of Leuconia , with two dermal pores, from slide. (Courtesy A. E. 
Galigher.) E. Epithelioid epidermis of Stylotella (order Hadromerina) , from slide. (Court- 
esy Dr. H. V. Wilson.) JC Desmacytes and amoebocytes of Hircinia (subclass Keratosa), 
rom slide. ( Courtesy Dr. H. V. Wilson.) ^ . Prosopyle with encircling myocytes of 
Vosnuieropsis (Class Calcarea). ( After Dendy, 1893.) H. Epidermis and amoebocytes of 
a fresh-water sponge, from a section. 4S . A choanocyte of Sycon , from life. Amoebo- 

cytes of Microciona, to scale. (After Wilson and Penney. 1930.) L. Side view of epidermal 
cm olLeucosolenxa. (After Prenant. 1925.) s }f. Three gland cells of Grantiopsis (Calcarea). 
(After Dendy, 1893.) 1, epidermis; 2, porocyte; 3, amoebocyte; 4, choanocytes; 5, incurrent 

pore; 6, pore diaphragm; 7, dermal pore; 8. desmacyte; 9, myocytes; 10, archaeocyte; 

14, types of amoebocytes: 11, globoferous cell or cystencyte; 12, granular amoebocyte* 
13. nucleolate cell (archaeocyte); 14, rhabdiferous cell with rod inclusions. 
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ie product are known as calcoblasts , silicoblasts , or spongioblasts. Certain 
moebocytes -with blunt pseudopods, large nuclei with a conspicuous 
ucleolus, and often cytoplasmic inclusions are known as archaeocytes 
rig. 80 H, K) and are believed by some to represent persistent undif- 
rentiated embryonic cells, which are the sole source of the sex cells and 
iav an important role in regenerative processes. All such fixed morpho- 
'gical ideas should be looked upon with suspicion, but apparently the 

s in sponges are generalized amoebocytes that 
lay a dominant role in reproductive processes and are able to differentiate 
do all other cell types. Gland cells, attached to the surface by long 
rands (Fig. 803/), have been described and presumably secrete slime, 
it the ability to give off slime is also a general property of the amoebo- 
rtes. Long slender cells found in layers in the cortex and around the 
rger internal channels are called fiber cells or desmacytes and are com- 
on in Demospongiae (Fig. 8QF). The myocytes or muscle cells are 
isiform contractile cells resembling the smooth muscle cells of other 
vertebrates, usually arranged in circular fashion to form a sphincter at 
ie osculum or other openings whose size they can regulate (Fig. 80G). 
he sex cells of sponges differentiate from the amoebocytes, possibly 
so from choanocytes. 

The collar cells or choanocytes (Figs. SOT, 85 G) are rounded or oval 
‘11s whose base rests upon the mesenchyme while the free end bears a 
ansparent contractile collar encircling the base of the single long 
igellum. The flagellum has the same types of internal attachments 
; in flagellate Protozoa. The nucleus may be basally or apically 
tuated, and its location has been used as a taxonomic character in 
alcarea. The choanocytes are much larger in the Calcarea than in 
her sponges. 

The mesenchyme secretes and contains the skeleton, one of the 
ost important features of sponges. 

4. Skeleton. — The skeleton consists of spicules or of spongin fibers 
• of a combination of both. The spicules or scleriies are definite bodies, 
iving a crystalline appearance and consisting in general of simple 
lines or of spines radiating from a point. They have an axis of organic 
aterial around which is deposited the inorganic substance, either cal- 
um carbonate or hydrated silica. They present a great variety of 
tape, and, as reference to the shape is essential in the description and 
entification of sponges, a large terminology exists. Here only the prin- 
pal terms applied to the spicules will be explained. 

First, spicules are of two general sorts — megascleres and microsderes. 
he megascleres are the larger skeletal spicules that constitute the chief 
ipporting framework of the sponge. The microscleres are the Smaller 
?sh spicules that occur strewn throughout the mesenchyme. The dis- 
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tinction is not absolute and does not hold for the calcareous sponges and 
some other groups. Then, spicules are classified according to the number 
of their axes and rays. Words designating the number of axes end in 
-axon, those referring to the number of rays end in -achne or -achnal 

There are five general types of spicules. 

a. Monaxon. — These are formed by growth in one or both directions 

along a single axis, which may be straight or curved. W hen growth has 
occurred in one direction only, as can be recognized by the dissimilarity 
of the two ends, the spicule is called a monactinal monaxon , or, for 
brevity, a style. Styles are typically rounded ( strongylotc ) at one end 
and pointed ( oxeote ) at the other (Fig. SI, 2). Styles in which the broad 
end is knobbed are called tylostyles (Fig. 81, 3) ; those covered with thorny 
processes are named acanihostyles (Fig. 81, 1 )■ Usually the pointed end 
of styles projects to the exterior.' V Monaxons that develop by growth in 
both directions from a central point are named diadinal monaxons, 
diadines, or, briefly, rKabds. KEaBclS - pomted~3t each end are oxeas 
(Fig. 81, 4); lanc e-headed at each end, tornote s (Fig. 81, 6); jpunded 
at the ends, strongyles (Fig. 81, 5); and knobbed at each end, like a pin 
head, tylotes (Fig. 81, 7). Microscleric forms ofUiactms are designated 
by prefixing - micro to the usual name, as microrhabds, microxeas, and 
microstrongyles. Special curved types of diactinal microscleres are char- 
acteristic of the Sigmatophora and the Poecilosclerina ; they may be 
curved in one plane or spirally twisted. The most common types are 
the C-shaped forms, called sigmas (Fig. 81, 22); the bow-shaped ones, 
or toxas (Fig. 81, 23); and the chelas (Fig. 81, 20, 21), with recurved 
hooks, plates, or flukes at each end. When the two ends are alike, 
chelas are called isochelas (Fig. 81, 20), when unlike, anisochelas (Fig. 
81, 21); both sorts occur in several varieties. Spirally twisted sigmas 
are termed sigmaspires. Short spiny microscleric monaxons are known 
as streptasters, of which the principal sorts are the spirally twisted 
spirasters (Fig. 81, 14), rod shapes or sanidasters (Fig. 81, 19), plesio- 
asters (Fig. 81, 31) with a few spines from a very short axis, and amphi- 
asters with spines at each end. 

b. Tetraxons. — Tetraxon spicules, also called tetradines and quadri- 
radiates, consist typically of four rays, not in the same plane, radiating 
from a com m on point. By loss of rays they may become three-, two-, 
or one-rayed; the last two are indistinguishable from diactines and 
monactines, unless the lost rays are indicated by a remnant of the organic 
axial thread. The four rays of the tetraxon spicule may be more or less 
equal, in which case the spicule is called a calthrops (Fig. 81, 8) or, if a 
microselere, a microcalthrops ; but generally one ray, the rhabdome, is elon- 
gated, often greatly so, and the three other rays, called cladi or clads, and 
together constituting the cladome, are short. Such spicules are termed 
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Flo. 81. — Sponge spieulce. 1. acanthoetyle; 2. style; 4. axes, 5. Btro ngyle . 

1 tornote; 7. tyiote; 8. calthiops; 9. diaene; 10-13, triaenee; 10. dichotnaene; 11 . ana tn aene. 
2 , protriaene; 13. another kind of dichotriaene; 14. ajaraatere; 15. oxyasters;16. strono*: 
,LTl7spheraaters; 18. Merraster; 19. aanidaater; 20-21. chelae; 20. various K»Uof 
■ocheUa- 2?. eniaochelaa . 22. sigmas; 23. toxa; 24. wily and, 26. late stage of a tnerepid 
leama; 28. early; 27. late stage of a rhabdocrepid dee ms; 28 , triradiate spicule; ». y »P^- 
luv of a bexactinellid sponge; 30, amphid i wk of a freab-water sponge, 31. pksaatar. 

•*4-27 a/Ur Dandy, 1906.) 
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triaenes and give the appearance of a crown of three rays, the eladome, 
at the end of the long rhabdome (Fig. 81, 10-13). Triaenes occur m a 
variety of shapes and are named from the form of the cladi and the 
angle that they make with the rhabdome. The cladi may be forked or 
branched at their free ends. By loss of one ray from the eladome, a 
diaene (Fig. 81, 9) results and also occurs in several varieties. The 
eladome may consist of a simple or scalloped disk instead of cladi, and 
such disks may occur at both ends of the rhabdome, forming birotular 

spicules, also called amphidisks (Fig. 81, 29, 30). 

The triradiate or triactinal spicule, the most common form of spicule 

of the calcareous sponges, is regarded as a variety of the triaene, of 
which the rhabdome has been lost, leaving a eladome of three rays, nearly 
but not quite in one plane (Fig. 81, 28). The modifications of the 
triradiate spicule will be considered with the calcareous sponges. 

c. Triaxon . — The triaxon or hexadinal spicule (Fig. 94) consists 
fundamentally of three axes crossing at right angles, producing six 
rays extending at right angles from a central point. From this basic 
type all possible modifications arise by reduction or loss of rays, branch- 
ing and curving of the rays, and the development of spines, knobs, 
etc., upon them. The hexactinal spicule occurs only in the class 

Hexactinelhda. 

d. Polyaxons . — These are spicules in which several equal rays radiate 
from a central point. They are most common among microscleres, 
where they are known as asters and include types with small centers 
and long rays and others with large centers and short rays. Among 
the small-centered forms are oxyasters with pointed rays (Fig. 81, 15), 
strongylasters with rounded ends (Fig. 81, 16), and tylasters with 
knobbed rays. Large-centered forms include spherasiers with definite 
rays (Fig. 81, 17) and sterrasters with rays reduced to small projections 
from the spherical surface (Fig. 81, 18). Asters grade into the spiny 
types of monaxons and so are often called euasters as a contrasting term 
to streptasters. 

e. Spheres . — These are rounded bodies in which growth is concentric 
around a center. 

A special type of megasclere known as a desma occurs in a number 
of sponges. A desma consists of an ordinary minute monaxon, triradiate, 
or tetraxon spicule, termed the crepis, on which layers of silica have been 
irregularly deposited (Fig. 81, 25, 27). The deposited silica at first 
follows the shape of the crepis but later develops elaborate branches and 
tubercles not related to the embedded crepis. Desmas are named from 
the shape of the crepis, as monocrepid, trier epid, and tetracrepid. They 
are usually united into a network (Fig. 99 B, C), and such a reticulated 
skeleton is called lithistid. 
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Spongm skeletons consist of fibers of spongin, a protein secretion 
arranged either in a network or in a branching fashion. In many 
Monaxomda the siliceous spicules are bound together by or incorporated 

m spongm material. The Keratosa have skeletons composed entirely 
ot spongm fibers but often contain foreign bodies. 

Spicules are secreted by mesenchyme cells (Fig. 82 L), which then 
become known as scler oblasts. The process is best known for calcareous 
spicules. In the simplest case, that of the monaxon, the spicule begins 
as a minute sliver of calcium carbonate deposited in a clear space in 
the interior of a binucleate seleroblast probably arising by the incomplete 
division of an ordinary seleroblast. The calcium carbonate is believed 
to be laid down around an organic axial thread, which can be detected 
with difficulty in the center of the fully formed spicule. The spicule 
begins between the two nuclei (Fig. 82 A), which draw apart as the 
spicule lengthens until the cell separates into two (Fig. 82 C). One 
cell, the founder, is situated at the inner end, the other, the thickener, at 
the outer end of the spicule, since monaxon spicules usually project from 
the body wall. The spicule is laid down chiefly by the founder, which 
moves slowly inward, establishing the shape and length. The thickener 
deposits additional layers of calcium carbonate, also moving inward 
during this process. When the spicule is completed, both cells wander 
from its inner end into the mesogloea, the founder first, the thickener 
later (Fig. 82D). |Triradiate calcareous spicules are secreted by three 
scleroblasts that come together in a trefoil figure and divide in two, each 
into an inner founder and an outer thickener (Fig. 82 E-K). Each pair 
secretes a minute spicule (Fig. 82 E, F), and these three rays are early 
united into a small triradiate spicule (Fig. 82 G). Each ray is then 
completed in the same manner as a monaxon spicule, the founder 
traveling toward the tip and completing the length of the ray (Fig. 
82 H, J ). The three thickeners remain for some time at the junction 
of the rays adding further layers of calcium carbonate (Fig. 82 K). In 
the case of quadriradiate spicules, the fourth ray is added to the forming 
triradiate spicule by an additional seleroblast. Nothing whatever is 
known of the actual process of spicule secretion except that the calcium 
carbonate used is extracted from the surrounding sea water. When 
placed in calcium-free sea water, the calcareous sponges are unable to 
secrete spicules, forming only the soft organic axes. Spicules already 
present dissolve, and the sponge being unable to maintain an upright 
position without the spicules collapses and degenerates. 

The development of siliceous spicules is poorly known and requires 
further study. It appears that in most cases they are formed completely 
within one seleroblast, here called silieoblast (Fig. 82 M). For the larger 
types, several silicoblasts may cooperate. The hexactinal spicules of 
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the Hexactinellida arise in the center of a multinucleate syncytial mass 
(Pig 944) which is probably formed by repeated nuclear division of an 
original silicoblast. The silica is laid down in concentric cylinders 
around a conspicuous organic axial fiber called the protorhabd and believed 
by Dendy to consist of living bacteria-like organisms, a view that has not 



Fig. 82. — Skeleton secretion. A-J). Secretion of a monaxon spicule; E~K, secretion of a 
t irradiate spicule (both after Woodland , 1905): A , spicule starting between two nuclei; 
B, spicule lengthened; C, nuclei separated into two cells; D, spicule end being finished. 
B, triradiate spicule starting as three granules in center of cluster of six cells; F, three rays 
lengthened; (?, three rays united; H and J, three founders at the base, thickeners at the tips 
of the rays; K t late stage of the spicule. L. A cal coblast. ( After Dendy , 1893.) M. 
Siliceous monaxon of fresh-water sponge in formation. ( After Btans, 1901.) N—O, 
spongin secretion in Reniera (order Haplosderina) ( after Tuzet, 1932) : N, spongioblast with 
beginning mass of spongin; O, spongioblasts in series secreting a spongin fiber. 1, spicule; 
2, founder; 3, thickener; 4, spongin mass. 

received acceptance. As the sea water contains only a trace of silica, a 
sponge must pass enormous quantities of sea water to obtain sufficient 
silica for its spicules. 

Spongin fibers are secreted by mesenchyme cells, then termed spongio- 
blasts (Fig. 82 N). These arrange themselves in rows and the spongin 
rod secreted by each fuses with those of adjacent spongioblasts to form 
a long fiber (Fig. 820). The spongioblasts become vacuolated and 
degenerate after having secreted a certain amount of spongin. 
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5. Physiology.— Only scattered, fragmentary observations are avail- 
able concerning the physiology of sponges. Xo adult sponge is capable 
of locomotion, and some are quite devoid of contractile powers except 
or changes in the porocytes. The majority, however, can undergo 
general or localized contraction through alterations in the shape of the 
pinacocytes, desmacytes, or myocytes. In some ascons, the entire 
animal can reduce greatly in volume by the rounding up of the pinaeo- 
eytes, but most calcareous sponges exhibit very slight or no contractility 
Many Demospongiae are able to contract the whole surface by virtue 
of layers of fiber cells in the cortex and along the main channels. Closure 
or narrowing of oscula is accomplished by means of sphincters of myo- 
cytes. and dermal pores may be regulated by either myocytes or changes 
in the encircling cytoplasm. General body contraction results from 
handling, disturbance, removal from the water, etc. The oscula close 
upon exposure of the anim al to air as by a falling tide, upon transference 
to still water or to small quantities of water that do not permit adequate 
removal of wastes, after injury, in lack of oxygen, upon addition of 
harmful chemicals to the water, and exposure to extremes of temperature. 
Light is ineffective, but touch induces closure in some forms. The dermal 
pores are less reactive than the oscula and close chiefly under injurious 
conditions. Xo correlation in behavior has been observed between the 
oscula and the dermal pores or between these and the activities of the 
ehoanocytes. All reactions are slow, and one to several minutes elapse 
before any response of a sponge or its apertures can be noticed. 

Under normal conditions all the apertures of a sponge are widely open 
and a current of water flows through the animal and out at the oscula 
as can be proved by observing small particles in the immediate vicinity 
of an osculum. For Leucandra, a small leuconoid calcareous sponge, 
the water current was found to flow from the osculum at a rate of 8.5 cm. 
per second and to be detectable 25 to 50 cm. above the osculum. A 
specimen 10 cm. high and 1 cm. in diameter was estimated to possess 
2,250,000 flagellated chambers and to pass 22.5 liters of water per day. 
Obviously a large sponge with milli ons of flagellated chambers must pass 
hundreds of liters of water daily. The rate of the water current in the 
flagellated chambers is believed to be very slow, about Koo nun. per 
second. The pressure developed is slight ; the water rose only 2-4 mm. 
in a tube of 1 mm. bore inserted into the osculum in the case of several 
siliceous sponges (Parker, 1910). The rate of the current through 
sponges appears to be regulated chiefly by the degree of expansion of the 

oscula. 

The water current is caused by the beating of the flagella of the 
ehoanocytes, but, as the flagella do not beat in coordination, the way in 
which a current is produced is not clearly understood. The most 
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plausible explanation is that of van Tright based on observation of thin 
expansions of fresh-water sponges. The flagellar movement consists 
of a spiral undulation passing from base to tip and creating a water 
current in the same direction. As the ehoanoeytes in each flagellated 
chamber are grouped near the prosopyle, with their collars more or less 
pointed toward the apopyle, the water currents tend to flow from the 
flagellar tips toward the apopyle. The mechanism will obviously be 
more effective when the apopyles are larger than the prosopyles, as is 
usually the case in sponges, since the water will tend to seek the larger 
outlet. Small flagellated chambers are also more efficient than larger 
ones, since in the latter the flagellar currents will tend to be directed 
toward the center of the chamber where some degree of stagnation will 
occur. On the other hand the large size of the outlet in the larger cham- 
bers should assist the flow. Obviously the system operates most poorly 
in the ascon sponges where the flagella must move the mass of water in 
the large spongocoel; and observation indeed shows that the water 
current is slow in these forms, despite the advantages gained by the 
minute size of the incurrent pores (about 9 my) and the large size of the 
ehoanoeytes as compared with other sponges. The leuconoid structure 
is evidently the most efficient. The current passing at first into narrower 
and narrower channels is much slowed when it reaches the flagellated 
chambers, permitting time for food capture and gaseous exchange. 
Conversely', the current after leaving the chambers is increased in speed, 
as it flows from the smaller into the larger canals, and is emitted from 
the osculum with some force because the osculum is generally' of less 
diameter than the final channels. In addition to these mechanisms, 
the general shape of many sponges increases the efficiency of the current, 
and may be adapted to take advantage of ocean currents. 

Sponges are devoid of sensory' or nerve cells; the contractile responses 
mentioned above are therefore direct reactions to stimuli. The sponge 
body displays only very slight powers of conductivity. Strong stimuli 
such as cuts or sharp blows are transmitted not at all or only 3 or 4 mm. 
at the most. Conductivity is best developed at the osculum where 
transmission occurs more readily away from than toward the ope nin g 
The oscular rim appears to be the most sensitive part of the sponge. 
In the fresh-water sponge Ephydalia, where each osculum occupies the 
summit of a delicate chimney-like tube, McNair found that stimuli 
applied at the oscular rim would be transmitted down the chimney, 
causing contraction or collapse of the latter. 

Although many investigators have attempted to study food intake 
and digestion in sponges by adding carmine particles, milk, starch grains, 
algal cells, bacteria, etc., to the water, and fixing and sectio nin g the 
sponges at various intervals afterward, the results have been unsatis- 
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factor}'. The materials fed are found in the choanoeytes and amoebo- 
cytes, diminishing in the former and increasing in the latter as time 
passes. Observations on living sponges by various workers give the 
following picture of food ingestion and digestion, but the evidence is 
scanty and inconclusive. In the calcareous sponges, which have rela- 
tively large choanoeytes, particles adhere to the outer surface of the collars 
or are caught between collars and eventually pass into the cytoplasm of 
the choanoeytes. Here they may be digested in whole or in part but are 
usually passed on to the amoebocytes of the mesenchyme. In other 
sponges probably no digestion occurs in the small choanoeytes, but food 
caught by them is immediately given up to adjacent amoebocytes 
(Fig. 83). Some observers state that all the food thus passes through 

the choanoeytes and that none of it goes 
directly into the mesenchyme through the 
walls of the incurrent passages; but the 
latter process seems probable. Thus, except 
in Calcarea, digestion is accomplished wholly 
by the amoebocytes. In any case, digestion 
is entirely intracellular as in Protozoa, 
occurring in food vacuoles, which are acid at 



Fig. S3. — Amoebocyte receiv- 
ing carbon grains from choano- 
cytes in a calcareous sponge, 
Grantia. (After Pourboix , 1933.) 
1, carbon particles. 


first and alkaline later. Undigestible 
particles are ejected from the amoebocytes 
and find their way into the outgoing cur- 
rents. The natural food probably consists 


of minute organisms and organic detritus; there is also evidence that 
sponges can utilize dissolved nutrients. Digested food is stored as 
reserves, chiefly glycogen, fat, and glyco- and lipoprotein masses, in 
amoebocytes that when thus filled with ergastic bodies are termed 


thesocytfs. Several enzymes have been identified in sponge extracts: 
protein-digesting enzymes similar to trypsin, pepsin, rennin, and erepsin; 
lipase; invertase; and amylase in some cases. Since sponges are per- 
moa+orl w-ith hnotprin. and other organisms, it is not clear that the enzymes 


in question really came from the cells of the sponge. 

The respiration of sponges is of the usual aerobic type, and sponges 
die or undergo reduction (see below) if kept in foul water or water 
deficient in oxygen content or if their dermal pores become clogged with 
silt. The oxygen consumed in a given time is dependent on the rate 
of the water current in the sponge and may be reduced as much as 80 per 
cent (Hyman, 1916) if the oscula are closed. This is partly compensated 
bv a supernormal oxygen consumption when the oscula again open. 
The rate of oxygen consumption of Sycon, a small vase-shaped calcareous 
sponge, was found to range from 0.16 cc. of oxygen per gram of fresh 
weight per hour in the smaller specimens to 0.04 in the larger ones. 1 he 



METAZOA OF THE CELLL 


LAR GRADE OF CONSTRUCTION 305 


upper half (osculum discarded) consumes 10 to 50 per cent more oxygen 
per gram per hour than the basal half, an indication of a polar physio- 
logical difference (Hyman, 1925). . 

The excretory products have been studied in a few cases, chiefly in 

siliceous sponges, and have been found to include ammonia and compli- 
cated basic nitrogenous substances; urea, uric acid, and other common 
nitrogenous wastes of higher animals could not be demonstrated. Some 
observers claim that amoebocytes containing excretory granules and 
inclusions are discharged by sponges. Some sponges exude mucus or 
slime, often in large quantities, and most have a characteristic unpleasant 
odor. Some when handled evoke irritation of the skin and many contain 
toxic substances that cause various disturbances when injected into other 
animals and may be fatal, as is the case with the sap of fresh-water 

sponges injected into mice. 

Because of their sessile habit and porous construction, sponges are 
much utilized by other animals as a substratum and a refuge. \ arious 
other sessile animals, as coelenterates, bryozoans, and barnacles may 
grow upon the surface of sponges. The author found at Bermuda a 
nomy sponge entirely covered with entoproct bryozoans. Although 
many such associations are probably accidental, the presence of zo- 
anthids on the root tuft of the hexactinellid genus Hyalonema is a regular 
occurrence (Fig. 91C). The water passages of sponges are frequently 
inhabited by a variety of animals, notably annelids and crustaceans. 
Commensal relations between sponges and crustaceans are common 
and often of great interest. Shrimps of the family Alpheidae regularly 
inhabit the interior of sponges and as many as 16,352 shrimps of the 
genus Synalpheus were found by Pearse (1932) in a large loggerhead 
sponge ( Spheciospongia , order Hadromerina) at Tortugas. Other 
shrimps of the family Stenopidae (especially the genus Spongicola) live 
in pairs in the spongocoel of hexactinellid sponges such as Eupleclella 
and Hyalonema. They enter when young and after growing are unable 


to escape because of the sieve plate over the osculum. Such glass sponge 
skeletons with an imprisoned pair of shrimps are said to be used in Japan 

until death. Interesting 


as wedding gifts to symbolize a marriage lasting 


relations exist between sponges of the family Suberitidae (order Hadrom- 


erina) and hermit crabs (Paguridae). The sponges regularly grow on 
snail shells occupied by a hermit crab and finally enlarge to a rounded 


smooth sponge that completely encloses shell and crab except for the shell 
opening (Fig. 102 C). Eventually the shell disappears and the hermit crab 


continues to occupy a spiral cavity in the sponge lined by smooth firm 
fibrous tissue (Fig. 102Z>). The relation appears to be of mutual benefit 
as the sponge is carried about by the crab and protects the crab by its 
disagreeable taste from fish and other enemies. As some suberitid 
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species are seldom found except with an enclosed hermit crab it is prob- 
able that such sponges do not grow unless their larvae happen to attach 
to a crab-inhabited snail shell. A parasitic relation exists between 
fresh-water sponges and water mites of the genus Unionicola and related 
genera v Arndt and \ lets, 1938). The free-swimming mite female lays 
her eggs in the tissue of the sponges where the nymphal stages are also 
passed. Probably a si m ilar parasitism is practised on marine sponges 
by marine Acarina. 

Very curious is the use of sponges by crabs for protective purposes. 
Crabs of the genus Dromia and allied genera have the habit of breaking 
off pieces of live sponges (also other objects) and holding them with then- 
last pair of legs over their backs pressed closely against the carapace. 
Other crabs, mostly of the family Majidae ( Inachus , Hyas, Macropodia , 
etc.) stick pieces of sponges, algae, hydroids, etc., to their backs and legs 
by means of an adhesive secretion and are effectively concealed thereby. 
Often the implanted organisms become permanently fastened and grow 

normallv so that a crab bedecked in this manner looks like an animated 

♦ 

submarine garden on a small scale. 

Because of their disagreeable taste and odor as well as the bristly 
spiculation of many forms, sponges are seldom eaten by other animals. 
Some of the crustacean inhabitants appear, however, to be true parasites 
feeding on the sponge tissues. Some nudibranchs (mollusks) feed 
regularly on sponges and may imitate their food sponge in color and 
appearance. Fish almost universally avoid sponges; hence the protective 
value of sponges to crustaceans. Sponges may kill other sessile animals 
(oysters, etc.) by growing over them and cutting off their supply of food 
and oxygen. The boring sponges (see page 349) may prove fatal to 

bamaeles and other shelled animals. 

The smaller sponges live from a few months to several years, while 
large homy sponges are believed to survive for 50 years or longer. The 
fresh-water sponges have been kept in aquaria a year or more but in 
nature are seasonal, dying out in the autumn and growing in the spring 

from gem mules or other resistant bodies. 

Although the individuals of a given sponge species have a general 

similarity of appearance regardless of habitat, the assemblage of sponge 
species in a given type of habitat tends to present certain common fea- 
tures. Thus sponges growing in calm water or water where there is 
much deposition going on are apt to have elevated osoula, while those 
living in agitated water tend to be of low encrusting type without pro- 
jections. Flabellate or lamellate types are characteristic of habitats 
with a constant directed current; the inhalant surface of such sponges 
faces the current while the osoula are on the downstream side. Deep- 
water sponges living on muddy bottom have either anchoring root 
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tufts or long projections or spicules to keep them from settling into 

th 'i majority of marine sponges live in shallow water, from the 
tidal zone down to 50 m„ avoiding brackish habitats. The bexactmell ds 
are limited to deeper waters, and some Demospongtae are especially 
adapted for life on the oozes of deeper parts of the ocean. Sponges ar 
common everywhere throughout the littoral zone of the oceans, but those 
with spongin fibers are more abundant in tropical and subtropical zone.,, 
whereas those with mineral skeletons prevail in colder waters. 

6. Regeneration and Other Modes of Asexual Reproduction. 
Correlated with their low grade of organization the regenerative power 
of sponges is high. Any piece is capable of growing into a complete 
sponge, but the process is slow and months or years may elapse before 
full size is attained. Still higher powers of regeneration are revealed 
by a type of experiment devised by H. Y. Wilson (1907) and since 
repeated by many workers. Sponges were squeezed through fine silk 
cloth and thus broken up into cells and cell clumps (Fig. 84.4). Throug 
random amoeboid movements of some of the amoebocytes these gradua y 
adhere into aggregates, often reticular at first (Fig. 84B), finally becoming 
continuous masses (Fig. 84C). Such reunition masses consist of collar 
cells without collars and the various types of amoebocytes characteristic 
of the intact sponge. Some of the latter arrange to a coi ering epidermis 
(Fig. 84D) within which the choanocytes aggregate to form flagellate 
chambers and develop collars while the other amoebocytes dispose them- 
selves into the structure typical of the species. Reunition masses com- 
posed entirely of choanocytes are incapable of reforming a sponge. 
Cells from different species may adhere temporarily into reunition masses 


but soon separate. 

Under various adverse conditions many marine and fresh-water 
sponges collapse and disintegrate leaving only rounded reduction bodies 
(Fig. 84 E), which consist of a covering epidermis and an internal mass of 
amoebocytes (Fig. 84F). All the various types of amoebocytes character- 
istic of the species occur practically unaltered in this interior mass (Pen- 
ney, 1933), but the choanocytes show some degree of dedifferentiation. 
Upon return of favorable circumstances, the reduction bodies can develop 
into complete sponges. In some sponges, regularly or under adverse 
conditions, the ends of branches constrict off, round up into balls, and 
regenerate. 

In all fresh-water and some marine sponges, asexual reproductive 
bodies, known as gemmules, are regularly formed as part of the life cycle. 
The gemmules of fresh-water sponges begin by the gathering of amoebo- 
cytes, probably archaeocytes, into groups. Through the cooperation of 
special nurse cells, or trophocytes, these amoebocytes become filled with 
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food reserves in the form of oval bodies composed of glycoprotein or 
lipoprotein (Fig. 84 K). Other amoebocytes join the group and arrange 
in a columnar layer encircling the rounded mass of amoebocytes (big 
84(7). The columnar layer secretes a thick hard inner membrane an 
later a thin outer one. Meantime scleroblasts t h ro u ghout^Ui^jLPP ng e 


.hidisks 




have bee 


i nto the mmmnai ■m . vri m i u . r .. ..j — - — — — — 

, n nfy nru* ni!tn r nmmWnp, (Fig. 84 H) . When the gemmule is finished 
(Fig. 84 J), columnar cells, trophocytes, and scleroblasts depart, and the 
completed gemmule is a small hard ball consisting of a mass of food-laden 
archaeoeytes (Fig. 84X) enclosed in a wall composed of two membranes 
with a layer of amphidisks (lacking in Spongilla) between them and 
p ierced by an outlet , the micropyle. The fresh^wa t e . r _ spon ges usually 
form large numbers of gemmules in the autum n and then disintegrate, 
the gemmules remain in the remnants of the sponge body or fall to the 
bottom. They can withstand freezing and a certain amount of drying 
and hatch, under favorable conditions, in nature usually in spring, when 
temperatures rise. ‘According to Zeuthen (1939) the gemmules will hatch 
any time aftQr their formation at a temperature of 21 to j.3 C . but require 
about 2 weeks in late fall and onty 3 days i n early s pring. Upon hatch- 
ing, the contained "cells stream frUnTThe micropyle (Fig. 85 A) and by 
differentiation and arrangement produce a young sponge. The large 
multinucleate archaeoeytes divide into uninucleate ones and into small 


cells, the histoblasts, which emerge first (Fig. 85A), arrange to form an 
epidermis, and also differentiate into choanocytes, porocytes, and the 
linings of internal spaces. tThese spaces originate by rearrangement. 
Spicules are secreted by archaeoeytes modified into scleroblasts and in 
about a week after hatching a /small complete sponge surrounds the 
empty gemmule shell (Brien’s account, 1932). Many of the uninucleate 
archaeoeytes remain unaltered, serving as phagocytic amoebocytes and 
parents of sex cells. 1 

The gemmules of marine sponges begin as an aggregation of like 
cells, presumably archaeoeytes, which becomes enclosed by a thin mem- 

Fig. 84. — Asexual reproduction. A. Appearance of Microciona tissue 10 minutes after 
being squeezed through bolting cloth. B . Reti^ylate reunition mass formed from such 
tissue. C. Later stage of the same, practically a young sponge. ( A-C , after TFtfaon, 1911.) 
D. Section through a stage like C, showing epidermis formed and loose amoebocytes inside. 
( After Wilson and Penney , 1930.) E. Reduction bodies \f a calcareous sponge. F. Section 
through such a body, showing mass of amoebocytes enclosed in an epithelium. ( After 
Maas , 1910.) G. Young gemmule of a fresh-water sponge, ^Ephydatia, showing trophocytes 
and cylindrical layer secreting the inner membrane. H . Sflero bi as t placing its contained 
amphidisk into the cylindrical layer. /. The completed Am mule with surface layer of 
amphidisks and micropyle. (G~J after Evans , 1901.) ' K. fone of the archaeoeytes of a 
fresh-water gemmule, showing several nuclei and fop<f^ bo5ies. ( After Brien , 1932.) 
1, collar cells; 2, masses of amoebocytes; 3, epidermis^^fcontained amoebocytes; 5, tropho- 
cytee; 6, cylindrical layer; 7, inner membrane; S^&sa of archaeoeytes; 9, scleroblast with 
amphidisk; 10, layer of amphidisks; 11. mic^pjfyle. 
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Fig. S-5- — Reproduction. A. A gemmule of the fresh-water sponge SpongxUa (note 
absent of amphidisks> in process of hatching. {After Brien, 1932.) B. Early stages of 
gemmule formation in the marine sponge EspereUa { — \fycale) (order Poecilosderina) . 
C. Later stages. (After Wileon, 1S94.'> D-F. Spermatogenesis in Reniera ( after Tuzet, 
193^-: O. Pf^rm mother cell has divided into a cover cell and the primary spermatogonium; 
E. latter has divided into four spermatocytes enclosed. by cover cell; F, ripe spermatozoon. 
G J. Fertilization of the calcareo us sponge Grardia ( after Galcnby , 1919): G , spermatozoon 
approaching two collar ceUsT //. sperm inside a collar cell, adjacent to an egg; /, collar cell 
giving up sperm into egg. K. Egg of Syeon in situ in the wall of a radial canal. 1, outer 
membrane of gemmule; 2. inner membrane of geromule; 3, epidermis of young sponge; 
* 4 ford-laden archaeocytes; 5. histoblasts streaming from micropyle, 6, assemblage of 
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brane of flat cells (Fig. 85 B, C). The surface cells of the mass become 
columnar and flagellated except at the posterior pole, and the gemmule 
then escapes as a flagellated larva. This swims about for a time, then 
attaches near the nonflagellated pole, loses the flagella, and becomes a 
young sponge by rearrangement and differentiation of the interior cells. 
Remarkably enough these larvae may entirely resemble those arising 

from fertilized eggs and develop like the latter. 

7 . Sexual Reproduction. — All sponges reproduce sexually by means of 
typical ova and spermatozoa, but the details are not clearly established. 
According to the classical account the sex cells come only from archaeo- 
cytes that in turn are believed to be persistent embryonic cells. But 
several authors have described the origin of s«x cells from choanocytes, 
and others maintain that they may arise from any amoebocyte of the 
mesenchyme. The egg mother cell or ovocyte is first noticed as an 
enlarged amoebocyte with a large nucleus and conspicuous nucleolus 
(Fig. 85 K). It grows and acquires food stores by engulfing or fusing 
with other .simil ar amoebocytes or may receive supplies from special 
trophocytes. Upon attaining full size it undergoes the usual maturation 
divisions. The formation of sperm has been observed in only a few 
sponges and in many cases appears to be a rare or sporadic process. In 
some sponges the sperm mother cell or spermatogonium is described as 
an enlarged amoebocyte that soon becomes enveloped by one or more 
flattened cover cells (Fig. 85 D, E) derived by division of the mother cell 
or consisting of other amoebocytes. The whole is called a spermatocyst 
(Fig. 85 E ) ; the enclosed spermatogonium divides two or three times into 
spermatocytes, which give rise to sperm. Other authors state that the 
spermatogonia are transformed choanocytes, and Gatenby has described 
the transformation of an entire flagellated chamber into spermatozoa. 
*The sperm enter other sponges by way of the water current, and the eggs 
are fertilized in situ. In Calcarea according to Gatenby and others, the 
spermatozoon enters a choanocyte, which acts as nurse cell (Fig. 85 H) 
and then fuses with the egg, setting free the contained sperm (Fig. 85 J) 
A similar process has been reported by Tuzet for Cliona (order Hadro- 
merina) and Reniera (order Haploselerina) where the sperm enters an 
amoebocyte, which then transfers it to the egg. It is possible that this 
remarkable kind of fertilization is general for sponges. 

The fertilized egg undergoes equal or unequal holoblastic cleavage 
and develops in situ into a blastula. This becomes flagellated, works 
its way through the parent tissues into the excurrent system, and 
goes out from the osculum. After swimming for a few to many hours, 

archaeocytea to form gemmule; 7, later stages of gemmule; 8, final stage of gemmule. with 

surface epithelium; 9, cover cell; 10, spermatogonium; 11, yolk bodies of collar cell; 12. 
sperm inside collar cell; 13, egg; 14, epidermis. 
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the larva attaches and develops into a small sponge typical of the 
species. 

Although some sponges are apparently dioecious, the majority seem 
to be hermaphroditic, often, however, giving rise to eggs and sperm at 
different times. For some it is stated that the eggs are produced in the 
basal region, the sperm apically. Many, especially those living in 
shallow water, shed their embryos at definite seasons of the year, whereas 
the deep-sea forms probably reproduce the year round. 

8 . Individuality in Sponges. — Whether sponges are individ uals or 
colonies has been much debated. The lack of nervous system and the 
slight conductivity evidenced by sponges certainly indicate the lowest 
possible grade of individuality. Yet this very lack of any known 
coordinating mechanism renders all the more remarkable the molding of 
sponges into numerous species each with a definite construction and 
definite types of spicules arranged in particular ways. It is usually 
stated that each osculum with its contributing portions of the canal 
system constitutes a sponge individual or person, at least from a physio- 
logical point of view. The larger sponges with several oscula are then 
regarded as colonies of very vaguely indicated individuals. 

IV. CLASS CAL CARE A OR CALCISPONG1AB 

The calcareous sponges form a sharply defined group, readily dis- 
tinguished from all other sponges by the calcareous nature of their 
spicules. The Calcarea are of small size, varying from a few to 10 cm. in 
height, mostly of a drab, inconspicuous coloration, and frequently of 
bristly texture from the projecting spicules. Typically they are strongly 
individualized, consisting of solitary or grouped radially symmetrical, 
vase-shaped bodies, each with a terminal narrowed osculum (Fig. 772?). 
Some, however, form bushy branching masses (Fig. 862?, C) with many 
oscula, or compact masses, and a few have slender stalk-like bases 
(Fig. 86D). The osculum is often encircled by an upstanding collar 
of long monaxon spicules, termed the oscular fringe (Figs. 87 G, 88A, 2?) 
and the oscular opening may be covered with a sieve membrane. The 

base is fastened directly to hard objects. 

The spicules are composed of crystalline calcium carbonate, chiefly 

in the form of the mineral calcite, in some cases as aragonite. Analysis 
of the spicules of Lcucandra gives about 87 per cent of calcium carbonate, 
7 per cent of magnesium carbonate, 3 per cent of water, small quantities 
of other minerals, and a trace of organic material, believed to form an 
axial thread in each ray and to cover the spicule with a thin sheath. 
Axial fiber and sheath are, however, very difficult to demonstrate. 
The spicules of the Calcarea are separate except in certain species known 
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as 


_ the pharetrone sponges, where the spicules are united into a network 

(Fig. 90) or completely enclosed by a calcareous cement. 

Calcareous spicules are all megascleres, although each type occur* 
in a wide range of sizes, and are of three sorts: monaxons, triradiates, 
and quadriradiates (Fig. 86 H). The monaxons include both styles 
and rhabds, the latter often oxeas. The triradiate is the dominant 
type of calcareous spicule and occurs in many varieties characterized 
by differences in the lengths and angles of the rays. Tnradiate spicules 
are called regular when the three rays and angles are equal (Fig. 86 H, lo). 
When these are unequal the spicule is practically bilaterally symmetrical, 
having paired lateral rays differing in length from or making an angle 
greater or less than 120 degrees with the third posterior or basal ray 
(Fig. 86 H, 11). Such spicules are called sagittal and also alate, as the 
lateral rays often suggest wings. Alate spicules may also be described 
as T-shaped, when the lateral rays are depressed (Fig. 86 H), and \ -shaped 
or like a tu nin g fork, when they are erected (Fig. 86 H, 1 4). The three 
rays of a triradiate are never quite in one plane but outline a low pyramid. 
Quadriradiates have an additional fourth ray that may be short and 
thorn-like or long and thick, so that a typical triaene results (Fig. 86 H, 

13 ). 

The various types of spicules are definitely arranged with respect 
to the morphology of the sponge to insure adequate protection and 
support. Monaxons commonly project from the surface, forming a 
bristly exterior. The osculum often has a special skeletal arrangement 
consisting of long slender monaxons protruding as the oscular fringe and 
T-shaped sagittal triradiates forming the oscular rim by the interlacing 
of their parallel lateral rays (Fig. 87 D). Where a cortex is present it 
frequently contains special cortical spicules placed parallel to the surface; 
or the lateral rays of triradiates or the clads of quadriradiates may 
parallel the surface making a strong layer while the basal ray projects 
inward (Fig. 88D, E). Triradiates or quadriradiates with a short fourth 
ray occur in the walls and around the internal ostia as supporting spicules. 

The class Calcarea includes all three types of structure, asconoid, 
syconoid, and leuconoid. Here belong all the ascon sponges, most of 
which are assigned to the genus Leucosolenia (including Clathrina) with 
numerous species in shore waters. The ascon sponges are small (up to 
10 to 15 cm. high), drab-colored sponges. None of them is a simple 
solitary ascon tube like Fig. 78, but all of them are colonies of such tubes. 
In the simplest species of Leucosolenia, the colony consists of a few upright 
tubes each terminating in an osculum and united below by horizontal 
tubes (Fig. 86.4). Most species are more complicated, consisting of a 
confused network of branching tubes from which stand out a few larger 
erect cylinders bearing an osculum at their summit (Fig. 86 B, C). Wheo 
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Fig. 86.— Calcarea. A. Simple type of Leucosdenui. (After D endy, I89i.) «- 
Branching type of Leueaeolenia, from life, Atlantic Coast. C Reticulate type of i^ce- 
solenia, from life, California. D. Reticulate type with a pseudoderm. (After 
E. Diagrammatic section through a Leucosoienx a tube P. Diagrammatic section 
LcuctXiia of the type of D, with a pseudoderm and paeudopo^ 

Leueoedenia tube, showing spicule arrangement. H. Types of spicules of calcareous 
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any branch attains sufficient size its tip breaks through as an osculum 
and the adjacent spicules then rearrange. In a number of species o 
Leucosolenia, the network of tubes converges to one or several oseu a 
(Fig. 86-D). Finally, in the most complicated species, the outermost 
tubes fuse together forming a false surface or pseudoderm leaving a 
few large openings or pseudopores so that the sponge appears solid and 
simulates a higher type of sponge; but sections show the network of 
ascon tubes in the interior (Fig. 86 D, F). Every part of a Leucosolenia 
colony has the structure shown in Fig. 78 and Fig. 80.4, with an outer 
epidermis of separate pinacocytes, inner complete lining of ehoanocytes, 
and middle stratum of mesogloea containing amoeboeytes and spicules, 
the whole pierced by numerous pores through poroeytes. The wall is 
filled with tri- and quadriradiate spicules, often of several kinds and 
sizes in one species, and monaxons projecting to the exterior. Near the 
osculum, the spicules are of the sagittal type with posterior rays directed 
away from the osculum and with lateral rays interlaced to form the rim ; 
a few slender monaxons may project as a scanty oscular fringe (Fig. 86 G). 

Besides the genus Leucosolenia , Dendy and Row (1913) and de 
Laubenfels (1936) recognize as ascon genera .4 scute with giant monaxons, 
Ascyssa, in which all the spicules are monaxon, and Dendya, having a 
central cylinder from which arise numerous radial branches, each covered 
with short branches. Dendya approaches the syeon type. 

All the typical syconoid sponges also belong to the Calcarea. Usually 
they are single vase-shaped forms (Fig. 77 B), or clusters of such vases, 
with a large central spongocoel, terminal osculum with or without a 
conspicuous oscular fringe, and thick wall containing the radial canals 
and incurrent passages. The sycon structure occurs in several stages 
and grades imperceptibly into leucon types of Calcarea. In the simplest 
case, illustrated only by the genus Sycetta, the radial canals are wholly 
separate from each other, and the spaces between them are not organized 
into definite incurrent canals (Fig. 87.4). Next the radial canals begin 
to touch and finally fuse along their entire lengths so that the spaces 
between them become enclosed to form definite incurrent canals, each 
bounded by four radial canals (Fig. STB). The incurrent opening may 
be simply the space left between the outer ends of the radial canals, or 
this space may be covered over by a dermal membrane pierced by a true 
dermal pore. Such incurrent openings are guarded by projecting oxeas. 
These stages are illustrated by the genus Sycon (Fig. 87 B, C), 1 a very 

1 According to de Laubenfels (1936) the name St/con must be replaced by Scypha. 

sponges, from life, except 14. ( After DodeHein, 1897.) J. RhaM.jderm*!la. from life. 

California, sylleibid type of structure. 1, osculum; 2, buds: 3. flagellate layer; 4. mesen- 
chyme; 5, epidermis; 6, spongocoel; 7, pseudoderm; 8, pseudopore; 9, false spongocoel 
10, ostia; 11, sagittal types of triradiates; 12, oxea; 13, quadriradiates ; 14, tuning-fork type; 
15, regular triradiates. 
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common genus with numerous species. In the final stage, illustrated 
by the genus Grantia , l the dermal membrane spreads over the entire 
surface of the sponge, forming a cortex of varying thickness, provided 
with special cortical spicules, most of which are arranged parallel to 
the surface (Fig. 87 F). With the development of a cortex the incurrent 
passages become more irregular and branching, and subdermal spaces 
may be present. The spongocoel wall may undergo an accumulation of 
mesenchyme to that of the cortex with a resulting retreat of the 

radial canals and the formation of canals leading from them to the 
spongocoel. In such cases a special skeleton next to the spongocoel 
is also developed. Finally the radial canals may branch at their outer 
ends, leading to further irregularities. In short, with the appearance 
of a cortex the canal system becomes irregular and lacks taxonomic value 
so that further generic distinctions are based primarily on type and 
arrangement of the spicules. Among the genera with syconoid struc- 
ture and cortex are Grantiopsis , Graniessa, Heteropia, Sycaltis , ( fe, 

Amphoriscus . 

The cortical types of syconoid sponges lead directly into leuconoid 
types apparently independently in various families, by way of transi- 
tional stages. A common intermediate grade is that known as sylletbid , 
found in such genera as Rhabdodermella (Fig. 86J), Leucilla (Figs. 
87(7, 88 D) and Yosmaeropsis. Here each radial canal is subdivided into 
elongated flagellated chambers grouped around a common excurrent 
c hann el (Fig. 87 D). This may be considered a primitive leuconoid type. 
The leuconoid condition may also arise directly from the asconoid without 
passing through a syconoid stage. The types of asconoids with a pseudo- 
derm correspond to syconoids with a cortex and like the latter tend to 
evolve toward the leuconoid state, not, however, by branching, but by 
the anastomosis of the ascon tubes. A transitional type, with elongated 
chambers, is attained in this way, illustrated by the genera Leucaltis 
(= Heteropegmaj Fig. 88 E) and Leucascus. By either route the final 

1 The little Atlantic Coast sponge sold under the name Graniia as class material 
of a sycon sponge is not a Graniia at all, but belongs to the genus Sycon. 

Fig. 87. — Calcareous sponges (continued), syconoid type. A. Diagrammatic vertical 
section through the wall of Sycetta . showing complete separation of flagellated canals. 
B. Vertical section through the wall of S|/con, showing formation of in current canals. 
(After Dendy , 1893.) C. Section along two flagellated canals of Sycon, spicule} removed, 
showing histology, from slide. (Courtesy A. E. Gal ig her.) D. Arrangement of spicules at 
the osculum of Sycon, from life. E. Arrangement of spicules along a radial canal of Sycon , 
from life. F . Cross section of Grantia , spongocoel to the right, showing cortex with special 
speculation. ( After Dendy , 1893.) G. Leucilla , syUeibid type, from life, Bermuda. Black 
ovals represent choanocytes. 1, choanocyte layer; 2, mesenchyme; 3. epidermis; 4, radial 
canal; 5, in current canal; 6, mass of mesenchyme on outer end of radial canal; 7, internal 
ostium; 8, amphi blast ula in place; 9, monaxons of oscular fringe; 10, sagittal triradiates of 
oscular rim; 11, cortex; 12, dermal pore; 13, cluster of monaxons at outer end of radial canal; 
14, triradiates around internal ostium; 15, sagittal triradiates of radial 
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leuconoid condition with numerous small round chambers strewn in t e 
mesenchyme results as in the genera Leuconia includes Leucandra) 
(Fig. 8 &A-C, F y G ) derived from sy conoids, and Leucetta, derived from 
asconoids. 1 In the leuconoid Calcarea, the apopyles are always widely 
open to the excurrent canals and therefore the system remains at the 

eurypylous stage (Fig. 88G). 

The histology of the Calcarea presents nothing especial. The 
epidermis is probably always composed of separate pinacocytes, which, 
however, may become syncytial around the dermal pores (Fig. SOD). 
The nature of the prosopyles in the higher types is uncertain. The 
dermal pores are probably intercellular spaces. In the formation of 
the syconoid and leuconoid systems the choanocytes retreat from the 
spongocoel, which together with the rest of the excurrent system becomes 
lined by epidermis migrating in from the exterior. The choanocytes of 
Calcarea are much larger than those of other sponges and probably play a 
more active role in digestion. The cell arrangement along each canal of 
a simple syconoid type is the same as that of an ascon tube (Fig. 87C). 
The cortex consists of an accumulation of mesenchyme, containing special 
spicules (Figs. 87 F, 88E). 

The spiculation is rather monotonous, being confined to the monaxon, 
tri-, and quadriradiate types. The arrangement of spicules along the 
radial canals of the genus Sycon is shown in Fig. 87 E; this kind of tubar 
skeleton when thus made of layers of spicules is said to be articulate. In 
the family Amphoriscidae, containing the genera Amphoriscus, Leucilla 
(Fig. 87(7), and Rhabdodermella (Fig. 86J), the canal skeleton is of the 
inarticulate type; large triaenes or sagittal triradiates have their cladi in 
the cortex parallel to the surface while the large thick basal ray is directed 
toward and almost reaches the spongocoel (Fig. 88D). Similar spicules 
near the spongocoel may send a large basal ray toward the cortex. Such 
sponges have a hard smooth surface. The cortex of Calcarea often 
contains small or large monaxons, projecting to form a bristly exterior 
(Fig. 88 A, F), or large monaxons parallel to the surface or most frequently 


1 Because of this double mode of origin of calcareous leuconoids, de Laubenfels 
(1936) proposes to abandon the old divisions Homocoela and Heterocoela of the Cal- 
carea and divide them instead into Asconosa, asconoids and their derivatives, and 
Syconosa, syconoid s and their derivatives. The proposal seems sound. 


Fig. 88.— Calcarea (continued). SyUeibid and leuconoid types. A and B. Two species 

section of B. D. Cross 

section of the jail of Icuo&j, showing typical SyUeibid structure, also inarticulate type of 
skeleton. {After Dendy, 1S93.) E. Cross section of the wail of LeucaliU ( = flefc ropSLV 
«age between asconoid and leuconoid structure. {After Dendy, 1S93. > F Cross section of 
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tri- and quadriradiates paraUel to the surface. The interior of the 
Ieuconoid types is generally strewn with triradiates, which kind of spicu e 
fact forms the bulk of the skeleton in most species of Calcarea. 

The Calcarea have been much employed in physiological studies on 
sponges already reviewed (page 302). Some of the Calcarea are highly 
contractile, with oscula provided with an internal sphincter and very 
labile pinacocytes, but most seem almost devoid of contractile power and 
show no visible changes on handling or removal to the laboratory". Some, 
particularly Leucosolenia , are very sensitive to external conditions and 
will not live w’hen taken from their habitat. Gemmule formation has 
not been observed in the Calcarea, but reduction bodies may arise under 
adverse circumstances. Budding is of common occurrence. In some 
asconoids, the breaking off of the ends of branches is reported as a regular 

mode of asexual reproduction. 

In the Calcarea, according to the best researches, the ova come from 
amoebocytes of the arehaeocyte type (i.e., with a very large nucleus and 
conspicuous nucleolus). In Sycon and Grantia , the only forms adequately 
studied, the first recognizable female germ cells are oogonia. These pass 
into the cavities of the radial canals where they undergo two mitoses, each 
producing four ovocytes. These pass through the ehoanocyte layer into 
the mesenchyme, where they increase greatly in size, being nourished by 
special nurse cells or trophocyt^s , which appear to be transformed choano- 
cytes. One such trophocyte attaches to the surface of each ovocyte and 
eventually fuses with it. In fertilization as already stated, the sperm 
enters a ehoanocyte adjacent to a ripe ovocyte. This ehoanocyte loses 
its collar and flagellum, becomes amoeboid, and plasters itself to the 
surface of the ovocyte, w'hich forms a conical depression to receive it (Fig. 
85/). The sperm in the meantime has lost its tail, and its swollen head 
becomes surrounded by a capsule. The capsule carrying the sperm head 
penetrates into the ovocyte, being drawn out into a canal; the sperm- 
carrying ehoanocyte then departs (Duboscq and Tuzet, 1937). 

The fertilized egg undergoes maturation and cleaves holoblastically. 
At the 16-cell stage the embryo lies just beneath the maternal ehoanocyte 
layer as a flattened disk-shaped body. The fate of the blastomeres has 
already been fixed by their position with reference to the maternal tissues. 
The tier of eight cells next to the maternal layer of choanocytes is the 
future epidermis; the other eight are the future choanocytes. The latter 
divide rapidly, resembling the micromeres of other metazoan embryos, and 


Fig. 89. EpibrYQ l Qgy of Ca l carea . A—C . Stages in the formation of parenchymula of 

Leucosolenia by unipolar ingression. (After MeUchnxkoff, 1879.) D. Amphiblastula of a 

calcareous sponge (Sycon). E. Same after gastrulation and attachment. (Both after 

Hammer, 1908.) F. Later asconoid stage ( Sycandra ). G. Same, beginning to put out radial 

canals. (Both after Maae, 1900.) 1, so-called archaeocytee ; 2, flagellated cells; 3, granular 

cells: 4. radial canals. 
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acquire flagella on their inner ends facing the blastocoe l. The future 
epidermal cells remain undivided for some time, forming a group of eight 
large rounded cells, similar to macromeres. In the center of this group 
an opening arises that functions as a mouth and ingests adjacent maternal 
cells. This stage is hence termed by Duboscq and Tuzet a stomoblastula. 
Now there occurs a process of inversion , exactly resembling the same stage 
in the development of Volvox. The embryo turns inside out by way of 
the mouth, so that the flagellar ends of the flagellated micromeres are 
brought to the outside. The embryo is now the typical larva of the 
Calcarea, termed an amphiblastula . The greater part of the surface is 
formed of small, narrow, flagellated cells, and the remainder, usually 
considered t he posterior pol e, consists of the group of large, rounded, 
granular, no n flagellat ed macrome res. The latter multiply until they 
come to constitute about half of the la rva (Fig. 89D). From the blastula 
stage on, the embryo becomes enclosed in a t rophic memb rane , formed of 
mate rnal choanoc vtes, which supplies the e mbryo with fo od. 

When completed, the amphiblastula forces its way into the adjacent 
radial canal and is carried to the exterior. The flagellated hemisphere 
is directed forward in sw immi ng and also usually bears the polar bodies, 
so that it appears to correspond to the animal or ectodermal hemisphere 
of other metazoan embryos. However, an embolic gastrulation ensues in 
which the flagellated half is invaginated into or overgrown by the granu- 
lar nonflagellated half (Fig. 89 E). In some forms a typical gastrula 
with a blastopore results (Fig. 89 E), but in others the invaginated flagel- 
late cells form a solid mass in the interior so that the larva is a stereo- 
gastnila or parenchymula. The larva attaches by the blastoporal pole, 
and in the case of the parenchymula the interior mass hollows out to form 
the spongocoel. In either case an asconoid type of structure results, 
termed the olynthus stage (Fig. 89 F). The nonflagellated cells derived 
from the eight original macromeres become the epidermis (pinacocytes) 
of the young sponge and also give rise to the scleroblasts and porocytes. 
The flagellate cells differentiate into choanocytes, archaeocytes, and other 
types of amoebocytes. Hence the cells of the mesenchyme derive from 

both embryonic layers. # 

The foregoing account applies to the Calcarea in general with the 

exception of some species of Leucosolenia where a different type of develop- 

ment has been described (Metschnikoff, 1879; Minchin, 1896). Here 

the egg cleaves to form a coeloblastula composed entirely of narrow 

flagellated cells except at the posterior pole, where there is a group of 

rounded nonflagellated cells (Fig. 89.4) believed to be archaeocytes Mid 

the ancestors of all future archaeocytes of the sponge. These together 

with adjacent flagellated cells (which thereupon lose their flagella) wande 

into the interior (Fig. 89B) and fill it with a mass of cells (Fig. 89 C). T 
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resulting larva is thus a stereogastrula or parenchymula Fig^ Q- 
After some hours of free life, it attaches by the antenor pole and flattens 
out; the interior cells migrate to the external surface and form the epi- 
dermis and mesenchyme, and the flagellated cells are thus enclosed and 
become choanocytes. A central spongocoel appears, an osculum breaks 
through, spicules are secreted, and a few days after attachment, a com- 

plete asconoid sponge has arisen. 

Syconoid genera develop from the olynthus stage by the pushing out 

of the wall, first at the middle, into radial 
canals (Fig. 89 G). The development of the 
leuconoid Calcarea has apparently never 
been studied. As already noted, some of 
them seem to come from the syconoid condi- 
tion by further branching of the radial 
canals, whereas others apparently derive 
directly from the asconoid stage. 

The difficulties of reconciling the forego- 



ing types of development, especially that of 
the parenchymula, with the ordinary concep- 
tion of metazoan germ-layer formation will 
be evident. What appears to be the 
ectoderm of the sponge larva becomes the 
internal cells, and what seems to be entoderm 
is the source of the epidermis. 

The Calcarea are exclusively marine and 
are confined almost entirely to shallow shore 
waters, some occurring between tide levels, 
most living a short distance below the sur- 
face. They are found throughout the world, 
but seem to avoid waters too much diluted 



Fig. 90. — A pharetronid 
sponge. Ptirotoirui. (After Do- 
deriein, 1598.) A. Early stage 
of the Bkeleton, spicules separate. 
B. Later stage, aptcules united 
into a network. 1. tuning-fork 


by fresh water. Some genera, such as 


spicule. 


Leucosolenia, Sycon, and Leuconia, have a wide distribution, with 


numerous species. 

The Calcarea are poorly preserved as fossils because of the solubility 
of the spicules in deeper waters and the tendency for the replacement of 
the spicules by other minerals. Most of the fossils belong to the group 
termed the pharetronid sponges, which began in the Devonian and died 
out in the Eocene except for a few survivals as the genera Pelrosoma, 
Munayana , and MinchineUa. In these sponges many of the spicules are 
united into a framework, usually with square meshes, by means of a 
calcareous cement (Fig. 90). Some of the free spicules have a character- 
istic tuning-fork shape. In the living genus Murrayana, the skeletal 
fusion has proceeded so far that the spicules are completely embedded 
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and concealed by cement. A few fossils of the syconoid type of structure 
are known from the Jurassic to the present. 

V. CLASS HEXACTINELLIDA OR HYALOSPONGIAE 

The Hexactinellida or glass sponges arc distinguished from all other 
3 ponges by the presence of hexactine siliceous spicules as well as by certain 
other peculiarities of structure. They are mostly strongly individualized, 
radially symmetrical sponges, with cylindrical, vase-, urn-, funnel-, or 
similarly shaped bodies, fastened at the base directly or more; usually by 
way of a root tuft of spicules. The wall of varying thickness encloses a 
spongocoel opening at the summit by a wide osculum (Figs. 91 A, B, I) 
and 92). The osculum may be covered over by a sieve plate of silica 
(Fig. 91F) or be bounded by upright spicules (Fig. 91 B). From this 
general type, the body may vary by widening into a funnel shape and 
then flattening into a plate or mushroom form, attached by a stalk. Iri 
such cases the osculum is lost as the upper surface is really the spongocoel 
lining turned outside. The water current then enters the lower surface 
and goes out from the upper surface. Others may flatten laterally into 
upright plates or curved shell-like shapes in which the water enters one 
surface and goes out from the other. Many are elevated from the sub- 
stratum by a long root tuft (Fig. 91C) or by a stalk-like elongation of the 
body proper. Less common than the symmetrical types are branching 
forms (Fig. 912?, G), w r hich may also assume a lattice appearance by the 
anastomosing of the branches. Many are regularly curved rather than 
erect (Fig. 92) and then exhibit some degree of bilateral symmetry. The 
glass sponges are of pale coloration and of characteristic appearance from 
the projecting glassy spicules, which often occur in tufts and resemble 
glass wool. The majority are of moderate size, ranging between 10 and 
30 cm; but some reach 1 m. in length, and a few are even much longer 
because of the excessive elongation of the root spicules. The Hexactinel- 
lida are exclusively marine and limited to the deeper waters of the ocean. 

The internal structure differs from that of other sponges. It consists 
of a network, the trabecular net, made of thin strands outlining large open 
meshes (Fig. 932)). The strands appear to be a syncytium formed by the 
union of the pseudopodia of collencytes, thesocytes, arehaeoeytes, apd 
other types of amoebocytes. The external surface apparently lacks a 
definite epidermis and is composed simply of the trabecular net, thus 
bearing numerous large openings. The lining of the spongocoel is of the 
same nature. In the midst of the trabecular net are located the flagel- 
lated chambers, elongated and finger-like or thim ble-shaped, resembling 

oscular sieve. G. Farrea occa, dry specimen. 1 , osculum; 2, marginal prostals- 3 pleural 
cnn Sta « ’ 4 ’ 8 K° n ^° COe : 5 : .J 00t 9 P‘ cuJ es; 6, enlarged root spicule of Pheronema' 7 gastral 
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radial canals of the syconoid Calcarea. The chambers are arranged 
single continuous row parallel to the dermal and spongocoel surfaces 
straight or folded in and out, as in a simple syconoid or leuconoid 
ngement (Fig. 93A, B ). Th^ chambers open into the spongocoel or 
excurrent channels by wide apertures. The incurrent and excurrent 
;ages are for the most part only vaguely outlined in the trabecular net ; 



92. Eupleddlu, the Venus’s flower basket. (. Photograph courtesy Dr. Ralph 

Buchsbaum.) 

when the laver of flagellated chambers is folded, there is usually a 
excurrent channel in each fold (Fig. 93-4, B). Typically the wall of 
“exactinellid sponge (Fig. 93.4) then consists of the following regions: 
mal surface, subdermal trabecular net, laj-er of flagellated chambers, 

)gastral trabecular net, spongocoel. . 

The Hexactinellida possess a beautiful glass-like skeleton, consisting 

separate spicules plus in most cases a network of spicules loosely bound 
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together or fused into a lattice. The skeleton is composed of a non- 

the case of the long root spicules of Monoraphis. Analysis of the. . 
spicules gave about 86 per cent silicon dioxide, 9 per cent water, 3 per cen 
other elements including sodium, potassium, iron, and chlorine, and 
small amount of organic matter, named spicuhn. Each spicule conus, 
of a noticeable axial fiber of spiculin, encircled by cylinders of hydrat d 
silica containing traces of spiculin, and is covered by a .sheath i of spiculin. 
The old view that thin cylinders of spiculin alternated with the siliceous 
cylinders is erroneous. The scanty available evidence indicates that each 
spicule arises in the center of a syncytial multinucleate scleroblastic mass 
and is entire from the start, never developing by the fusion of ongina y 


separate rays (Fig. 94 A, B). 

The spicules are divisible into megascleres and microseleres and are all 
hexactines or some derivative thereof (Fig. 94). The basic regular 
hexactine consists of three axes crossing at right angles, forming six rays 
of approximately equal length, each provided with an axial fiber (hig. 
94, 1 ). A common modification is the elongation of one ray, giving a 
sword-like effect (Fig. 94, 3). When the elongated ray is covered with 
spines, the name pinule is applied (Fig. 94, 4, 5). Various types result 
from successive loss of rays, often indicated by persistent knobs, bumps, 
or bases of the axial fibers. Loss of one ray results in the pentad spicule, 
usually consisting of a cross of four rays topping a long, frequently 
pinulate, basal ray (Fig. 94, 5, 6). By loss of an entire axis, the 
spicule becomes a tetrad or simple cross, also called stauracline, differing 
from a quadriradiate calcareous spicule in that the four rays lie in one 
plane (Fig. 94, 16). Triads occur but are uncommon, whereas 
diadines are abundant and often of great length. They may show their 
origin from a hexact by the presence near the middle of knobs or branches 
of the axial fiber but often are indistinguishable from ordinary diactinal 
monaxons. A common type, called uncinate, is covered with short spines 
directed toward one end (Fig. 94, 7, 8); and others are tipped with 
recurved hooks. Monadines, known by indications of lost rays at one 
end, also occur; those with a disk or bulb at one end are termed clavules 
(Fig. 94, 10); those with a branched end are called scopules (Fig. 94, 9); 
long monactines with little spines along one end, known as scepters, are 
found among the projecting marginal and pleural prostals of Pheronema 
and its relatives (Fig. 91 B). 

The microseleres comprise small versions of many of the foregoing 
types and in addition asters andamphidisks. Asters are regular hexactines 
with branched rays. These branches are not regarded as true rays since 
they lack axial fibers. Oxyhexasters have the ray ends divided into a few 
simple straight branches (Fig. 94, 11); in discohexasters, the branches are 



t 4 
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tnnnpd bv disks (Fig. 94, IS) ; when the branches form brush-like bundles, 
toppe y »• i 04 io)- when these brushes are 

curved outward, like feather dusters, the aster is called a plurmcome 
(Fig 94,^4); plumicomes with expanded tips are terme floncome* 
(Fig. 94, 15); and numerous other variations occur. Amphidisks are 
diactines with ends developed into umbrella-like expansions ( ig- , 
and occur in a range of sizes. 

The spicules are very definitely arranged in the sponge body (fig. 
93C); the Hexactinellida surpass all other sponges in this respect. 
Spicules projecting from the sponge are termed prostals and comprise the 
long needles, mostly diactines, which encircle the osculum (marginal 
prostals), protrude from the surface singly or in bundles (pleural prostals), 
and form the root tufts ( basal prostals or anchoring spicules). The 
pleural prostals may be scepters and uncinates as in Pheronema (P ig. 91#) 
or curious asymmetrical pentacts as in Rossella (Pig. 91D). The 
anchoring prostals comprise one or more dense bundles, often curved or 
twisted, of long glassy spicules, resembling glass wool and serving to 
fasten the sponge to the muddy or slimy bottoms on which most of the 
Hexactinellida live (Fig. 91B, C). The lower end of the root spicules 
generally bears recurved hooks like the flukes of an anchor (Fig. 91, 17). 
These root spicules are often very long as in Monoraphis (page 333). The 
spicules at or beneath the dermal and inner surfaces, termed dermalia 
and gastralia, respectively, resemble each other in type and arrangement. 
They consist chiefly of hexacts and pentacts with the cross of four rays 
in or near to and parallel with the surface and the long basal ray, often 
heavily pinulate, projecting inward or outward (Pig- 93C). In many 
cases the surface is thus effectively protected by the numerous projecting 
spiny rays of the dermalia. Tetracts also often lie in the dermal and 
spongocoel surfaces. The spicules strewn throughout the trabecular 
net, termed parenchymalia, consist mostly of regular hexactines, small 
diactines, the various types of hexasters, and the amphidisks when present . 
Hexasters and amphidisks may also occur in the dermal and spongocoel 
surfaces (Fig. 93.4, B). 

In addition to the free spicules, the skeleton of the majority of the 
Hexactinellida includes a siliceous network permeating the interior, and 

Fig. 93. — Structure of hexactinellids. *4. Section through the wall of Eupltelella, 
illustrating one of the Hexasterophora. B. Section through the wall of Hyaloncma, one of 
the Amphidiscophora. (A and B after Schulze , 1S87.) C. Diagram of the spicule arrange- 
ment of a hexactineilid, in vertical section. (Adapted after Schulze , 1SS7.) D. Trabecular 
net ( Farrea ) highly magnified. ( After Okada, 1928.) l t dermal layer and dermal spicules; 
2, subdermal trabecular net; 3, portion of lyssacine (in A) or dictyonine (in C) skeleton; 
4, layer of flagellated chambers; 5, subgaatral trabecular net; 6. excurrent channel; 7, 
gastral layer and gastral spicules; 8. floricome; 9 r pinulated pentact; 10, large amphidiska; 
11, small amphidisks: 12, spongocoel; 13, marginal prostals; 14. pleural prostals; 15, basal 
prostals or root spicules; 16, parenchymalia. 
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Fig 94 — Hexactinellid spiculation. A. \ oung stage in the secretion of a discohexaster 
of Farreoin a m^ltinucleate synovium. B. Later stage of the same only four of the^ 
ravs shown. (A and B after Okada, 192S.) C. Lyssacme network 

the gigantic stauractines and lattice connections. 1, regular heiact ' n ^’-'?^ actin e; 5, 
■ th tprmin disks' 3 modified hexactine with one long ray; 4, pinulated hexactm , 

si” 1 rx&Zi r ™. r ■* 'zss^rssJS 

ITscopules: 10, claries. 11. two kinds of oxyhexasters; 12. discoct ^ers. 13 d^eohe 
14. plumicome: 15, floricome: 16. stauractines; 17. root ep.cule of BupledeUa, 
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elongated rays 

termed dictyonine , the rays of regular hexactines fuse at th e r t r 

it all six directions through deposition upon them o a\ ^ 

T * more or less regular three-dimensional network (Fig. 

B). The beautiful glassy hexactinellid skeletons (Fig. 92) often 
seen in museums consist chiefly of the lyssacine and dictyonine net- 
works, as the loose dermalia, gastralia, and parenchymaha haxe been 

° St The d H«itineUida, being deep-water forms, have been studied almost 
entirely from preserved specimens collected in deep-sea dredging expedi- 
tions and consequently little is known of their histology and reproduction, 
anTkXng of their Physiology. As already indicated the trabecular 
net consists of fused amoebocytes of various types. A gelatinous 
matrix seems to be absent. Myocytes have been reported encircling 
some openings, but the group is probably as a whole almost de\ 01 lo 
contractile power in correlation with the rigid skeleton. The choanocvtes 
are of usual appearance but are fused basally into a syncytium. 

Some hexactinellids reproduce asexually by giving off small buds from 
almost any part of the surface. The gathering of archaeocytes into groups 
is of common occurrence throughout the order and is interpreted to 
represent stages in gemmule formation. The sexual reproduction is 
poorly known; the most complete account is that of the Okado for Farrea 
sollasii, collected monthly by dredging at 300 m. The ova and sper- 
matozoa come from archaeocytes. The fertilized egg develops into a 
stereogastrula composed of an outer layer of closely packed cells, many 
with yolk granules, and an inner jelly containing amoeboid cells, believed 
to originate from the surface layer (Fig. 95F). Some of the inner amoe- 
boid cells arrange themselves into a layer surrounding a central cavity 
and become choanocvtes. Tetract spicules with long rays appear at the 
surface (Fig. 95 F), and discohexasters form in the interior (Fig. 95 G). 
At this stage the larva probably becomes flagellated, escapes, and settles 
down. The dictyonine skeleton begins to form in the attached region, 
and an osculum breaks through. The young sponge (Fig. 95H) thus 
consists of an oval body with a central spongoeoel opening by the 
osculum and lined by a continuous layer of choanocvtes, in which 
the future flagellated chambers are indicated by protuberances toward the 
dermal surface, and with a skeleton consisting of surface tetracts, interior 
hexasters, and the beginning of the dictyonine net. Sexual reproduction 
nrobablv occurs throughout the year. 
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The Hexaetinellida inhabit all seas but are more abundant in tropical 
latitudes although extending into polar waters. They are characteristic 
deep-sea animals, seldom found above 100 m., reaching their greatest 



Fig. 95. — Hexaetinellida. speculation, embryology. A. Dictyonine framework of 
Fan-ea, types of loose spicules at the side. B. Dictyonine framework of Aphrocalliites seen 
from the surface, showing honeycomb arrangement. C. Seen from the side. D. Dictyonine 
framework of Au'ocysixs. with lychnisc joints. E. Early stage of a ^chnisc joint. (Dand^ 
after Ijima, 1927.) F. Early stage of the larva of Farrea, stauractines forming. G. Later 
stage of the same, discohexasters have appeared. H. \oung sponge with oseulum and 
beginning flagellated layer. ( F—H . after Okada, 192S-) 1, clavules; 2, spiny hexactine, 

3. oxyhexaster; 4. pentact; 5, lychnisc joint; 6, stauraetine; 7, discohexaster; S, oseulum; 
9, flagellated layer. 

development between 500 and 1000 m., but having a few representatives 
at depths as great as 5000 m. (over 3 miles). Certain ocean deeps are 
noted for the richness of their hexactinellid fauna — near Japan, the 
Philippines., the Molucca Islands in the Malay Archipelago, and the 
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West Indies. The rigid form, open construction, and lack of contractility 
of these sponges appear to be adaptations to the constant con 10 °~ 
deep water and probably to the presence of one slow continuous ^current. 
Bidder thinks the hexactinellids in nature have a curved attitude facing 
down the current. The root spicules constitute a device for insun g 

adhesion to the slimy oozes of the ocean floor m deep waters. 

The Hexactinellida are divided into two subclasses or orders th 
Amphidiscophora with amphidisk mieroscleres and the Hexasterophora 
with astrose mieroscleres. The former have also the lyssaeme type o 
skeleton, dermalia and gastralia composed of pentaetme pinules, and 
root tufts of monaetine anchoring spicules. Among the characteristic 
genera of the Amphidiscophora are Pheronema, Manor aphis, and Hyalo- 
nema. Pheronema (Fig. 91 B) has a thick-walled cup or bowl-shaped body 
with the spongocoel opening above, pleural tufts, and long twisted roo 
tufts. Monoraphis is distinguished by the single gigantic anehonng 
spicule that may be 2 or 3 m. long and 1 cm. thick. Hyalonema (r ig. 
91(7) one of the most common hexactinellid sponges, with numerous 
species, has usually a rounded or ovoid body with a single root tuft often 
spirally twisted, the spicules of which continue through the sponge body 
as an axis or columella, often projecting above as the gastral cone (Figs. 
77 e and 91(7). The upper surface bearing the gastral cone has the 
excurrent openings and may be depressed as a spongocoel, or flush with 

the surface, in which case there is no spongocoel. 

The Hexasterophora are less often fastened by root tufts, being com- 
monly directly attached to a hard object, the root spicules when present 
are pentactines or diactines, seldom monactines, and the skeleton is often 
dictyonal throughout or in regions. Among the forms with dictyonine 
skeleton composed of fused hexaetines may be mentioned Farrea (Fig. 91(7), 
Eurete . and Aphrocallistes (Fig. 91 E), with quadrangular, triangular, and 
honeycomb-like meshes, respectively, to the framework (Fig. 95A, E). 
They are mostly branched tubular forms with large lateral oscula and no 
root spicules. Aulocystis is typical of a small group of forms in which the 
hexaetines of the dictyonine framework are lychnises, i.e., a latticework 
surrounds each node of the dictyonine mesh (Fig. 95 D, E). Genera with 
a lyssacine skeleton, formed into a framework with irregular meshes 
include Eupleciella, Caulophacus, Rossella, Rhabdocalyptus, Staurocalyptus. 
The beautiful glassy skeletons of the genus Eupleciella (Fig. 92) constitute 
the Venus’s flower baskets often seen in museums. The thin-walled body 
is of curved tubular form, with root spicules, and a sieve plate (Fig. 91F) 
covering the upper end. Often projecting ledges add to the beauty of the 
skeleton. The squarish lyssacine meshwork (Fig. 94C) that forms the 
main part of the skeleton consists chiefly of the rays of large four-rayed 
spicules (Fig. 94C), much united by crossbars. The mieroscleres include 
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oxvhexasters, and floricomes, the latter on the dermal surface (Fig. 934) 
Caulophacus and relatives have a stalked goblet- or mushroom-like body 
sometimes branched. Rossella (Fig. 91D), Rhabdocalyptus, and Stour* 

calyptus (Fig. 914) have cup- or sac-like bodies, usually without root 
spicules, and often “veiled” by long projecting dermalia. 

The Hexactinellida, especially the Hexasterophora, are the most 
abundant of sponge fossils, occurring in the rocks from the Cambrian to 
the present, reaching their height in the Cretaceous and Jurassic. In the 
earliest forms, the spicules were tetract, separate or loosely united into 
lyssacine networks. This fact suggests that the hexactinal spicule was 
derived from a tetract one by the addition of a third axis. Later the types 
with dictyonine skeletons predominated and were in fact more abundant 


in the Triassic than they are today, since living hexactinellids are mostly 
lyssacine. The dictyonine nets of extinct sponges were made of hexactines 
that were often lychnises, a condition found today in only a very few 
genera and species. 


VI. CLASS DEM OSPON GIAE 


The Demospongiae are sponges without spicules or with non-hexactinal 
siliceous spicules or with spongin fibers or with a combination of siliceous 
spicules and spongin. The forms with siliceous spicules are commonly 
spoken of as the siliceous sponges, while those with only a spongin 
skeleton comprise the homy sponges. The canal system is always leuco- 
noid and may be eurypylous, aphodal, or diplodal. 

The Demospongiae have not evolved from an asconoid structure but 
apparently derive from a ground plan termed the rhagon (page 293), hav- 
ing a layer of flagellated chambers opening widely into a central cavity 
(Fig. 964). This leads into the simpler siliceous sponges by the folding 
of the wall and the branching of the flagellated chambers into numerous 
small ones (Fig. 96 B). The final stage consists in the spreading of the 
dermal membrane over the outer ends of the folds (Fig. 96C). 

The class includes several genera completely devoid of skeleton. 
Some of these are obviously derived from spiculate forms by degeneration 
of the spicules, but in others the absence of skeleton is regarded as a 
primitive character by a number of students of sponges, who therefore 
place these genera ( Oscarella , Halisarca, HexideUa, and Bajulus ) in a 
special order Myxospongida. Other workers beheve the loss of spicules 
is secondary and have transferred these genera to the Keratosa. How- 
ever, the evidence indicates that at least Oscarella and Halisarca are 
primitive sponges, and consequently the order Myxospongida is here 
retained, regarded as closely allied to the lowest forms with tetraxon 

spicules. 
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1 The Tetractinellida. — T he siliceous Demospongiae (often called 
Tetraxonida) are conveniently divisible into the Tetractinellida with 



Fig. 96. — Primitive tetractinellids. A. Larval stage termed the rhagon. ( After 
Sottas, 1888.) B. Simplest type of tetractinellid, Plakxna ( after Schulze, 1880). with folded 
wall and eaithrops spiculation; also with embryos. C. Next stage. Plakortis (after Schulze, 
1880), dermal membrane has fused across the folds forming subdermal spaces. 1, dermal 
pore; 2, subdermal space; 3, dermal membrane; 4, candelabra; 5, eaithrops; 6, sperm ball; 
7, egg; 8, cleavage stage; 9, larva. 


tetraxon megascleres and the Monaxonida with monaxon megascleres, 
although it must be recognized that this division is artificial since 
tetraxons grade into monaxons by loss of rays. The primitive sponges 
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mentioned above without skeleton are here considered as tetractinellid in 
structure. 

The tetractinellid sponges are mostly of solid construction and simple 
contour, forming rounded, oval, cushion-like, flattened, or encrusting 
masses, usually without branches or projections. The common shape is 
that of a somewhat rounded mass (Fig. 97.4, C) attached by one surface 
to the substratum and bearing one to a few oscula on the opposite surface. 
Attachment to some hard object is usually direct but sometimes by way 
of root spicules; some lie free on the bottom. The surface is generally 
bristly, but some are hard and stony from the numerous spicules in the 
cortex, and others may be smooth and leathery. The oscula may have a 
slight rim or be depressed and only occasionally bear a fringe of spicules 
(Fig. 97 F). In several genera — Monosyringa, Tribrachion (Fig. 97 E), 
Tethyopsis, Kapnesolenia— the single osculum is at the tip of a long excur- 
rent tube springing from the small rounded body and in Disyringa 
(Fig. 97 F) there is a similar opposite incurrent tube. The tetractinellids 
are mostly of small to moderate size; the largest is the cup-shaped Synops 
neptuni, one of the Geodidae, 40 cm. high, taken by the “Challenger” 
expedition off Brazil. The coloration is mostly of the drab sort, but a 
range of colors occurs throughout the group. The tetractinellids are 
exclusively marine and inhabitants chiefly of shore and shallow waters. 

The chief structural features of the group are the extensive develop- 
ment of the cortex and the radiating arrangement of the interior (Fig. 
97 B). The more simple genera, as the myxospongids (Fig. 97 H) and 
PlakiTia (Fig. 96B), lack a cortex and have only a thin dermal layer which 
follows the folds of the layer of flagellated chambers. But generally the 
choanosome is covered over by a definite cortex. In the simpler cases 
(Fig. 96C) this consists of a thin dermal layer underlain by large sub- 
derrnal spaces crossed by columns or trabeculae supported by spicules. 
Usually, however, the cortex is much thickened and contains a loose or 
dense fibrous network made up of fusiform fiber cells (desmacytes) 
running parallel to the surface (Fig. 97(7). The fibrous net may extend 
practically throughout the cortex; or, very commonly, it is limited to an 
inner fibrous layer, while the outer zone consists of a thick gelatinous 
material containing amoebocytes and forming the eollenchymatous layer 
(Fig. 97 G). In some cases the eollenchymatous layer lies between inner 
and outer fibrous layers. The cortex commonly contains spicules that 
may project from the surface or may be embedded in the cortex, some- 
times as in Geodia (Fig. 98 D) and ChondriUa (Fig. 98B), so thickly as to 
render the cortex hard and stony. Large spaces, the subcortical crypts, 

may be present between cortex and choanosome. _ . , 

The arrangement of incurrent apertures and channels varies with e 
development and construction of the cortex. The dermal pores are 
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only small and may be evenly distributed over the surface or occur 
in groups limited to definite areas. When the cortex is absent, the 
dermal pores lead almost directly into the flagellated chambers (Fig. 96B) , 
when the cortex is thin they open into the subdermal spaces (Fig. 9 )- 

In the case of a thick cortex, each dermal pore generally opens into a 
canal termed a chone (Fig. 98 B, D), which penetrates the cortex and is 
usually provided along its course or at its inner end with a sphincter o 
myocytes. The dermal pores may also occur in clusters termed pore 
areas , and such pore areas may open into a chone or into an underlying 
subdermal space, a condition termed crxbriporal (Figs. 98D, 99D). The 
oscula are generally simple large apertures with a slight rim but may 
occur in groups or may be provided with a sieve membrane. 

The canal system is leuconoid throughout the group. In the simplest 
tetractinellids such as Halisarca and Plakina (Fig. 96B), the sponge 
consists of a folded wall in which each fold is made up of a thin dermal 
layer, a layer of small eurypylous flagellated chambers, and a central 
excurrent channel. In most genera the dermal layer has fused across 
(Fig. 96C) so as to cover the folds smoothly leaving large subdermal 
spaces where the depressions were; or more commonly it is thickened into 
a cortex of special construction, so that the sponge is sharply divisible 
into ectosome and choanosome (Figs. 97G and 98B, D ). The eurypylous 
condition is retained in many tetractinellids, but others are aphodal or 
diplodal. In many forms, the canal system has a distinct radiating 
arrangement. A central spongocoel is usually lacking, although often 
the larger excurrent channels converge toward the center of the sponge 
into one or more wide canals leading to the osculum. 

A skeleton is absent in the members of the order Myxospongida and 
also in the genus Chondrosia, which is obviously derived from spiculate 
genera by the loss of spicules; in this sponge support is secured by a very 
stiff mesogloea. The other tetractinellids are provided with a skeleton 
of siliceous spicules, consisting of tetraxon and monaxon megascleres 
and monaxon and astrose or sigmoid microscleres. The typical spicule 
of the simpler tetractinellids is the calthrops, or tetraxon with four approxi- 
mately equal rays (Figs. 96B, 98A). This may vary by the branching 
of the rays, forming types called candelabra , (Fig. 96B, 4), and also by 
the loss of one or two rays. Calthrops may occur in a wide range of sizes 
(Fig. 98A) so that often there is no distinction between megascleres and 
microscleres in such sponges (order Camosa, Fig. 98A). In most 
tetractinellids, the calthrops are altered into triaenes with very long shafts 
(rhabdomes) and small cladi (Figs. 97D, 98D, and 99 A, B). The most 
typical sorts of triaenes are the anatriaenes with cladi curved downward 
(Fig. 97G, 4 ) and the protriaenes with cladi pointed up (Fig. 97G, 2). 
Other types are the plagio- and orthotriaenes with more or less horizontal 
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cladi and the dichotriaenes with forked cladi (Fig. 81, 10). The 
sto abo include monaxons, chiefly oxeas, often very long and slender. 
The characteristic microsclere of the tetractinellids is t e aster in a ^ s 
variations; the large centered forms such as sterrasters an sp erasers 
are particularly developed in certain genera as Geodia (Fig. 98L>, t) 
Chondrilla (Fig. 98 5, C). Other genera are characterized by 'anous 
types of streptasters. In the suborder Sigmatophora, the microsc e s 
are sigmaspires (Fig. 99 A), but these may be regarded as spirasters that 

have lost their thorns. 

Each species is characterized by some particular combination and 
arrangement of the different sorts of spicules. The characteristic arrange- 
ment is the occurrence of bundles or columns of spicules radiating from 
the center of the sponge to the periphery (Fig. 975). These bundles 
consist of long monaxons and the shafts of triaenes (Figs. 9/D and 99.4). 
The cladi of the triaenes may lie in the cortex (Fig. 9/ D) or may project, 
forming a bristly surface (Fig. 99.4), or the cortex may be provided with 
special small projecting monaxons (Fig. 98D). Often, however, the 
surface is smooth, firm, and leathery' or stony with an abundant spicula- 
tion in the cortex, composed either of the cladi of triaenes or in some 
genera of nothing but spherasters closely packed (Fig. 985). 

The tetractinellids are divisible into the orders Myxospongida, 
Caraosa. and Choristida. Under the first are usually listed the four 
genera OscareUa, Halisarca, Hexidella, and Bajulus, but probably only the 
first two are genuinely primitive, and very likely they should be combined 
into one genus Halisarca. Oscarclla and Halisarca (Fig. 9 iH) are small 
low encrusting sponges with a lobulated upper surface. Their internal 
structure is practically identical with that of Plakina (Fig. 965) except 
that spicules are entirely wanting. The basal part of the sponge is filled 
with eggs and embryos and the peripheral part contains the canal system. 
Each lobule encloses an excurrent channel surrounded by flagellated 
chambers and the depressions between the lobules house the incurrent 
channels. The chambers vary from the eurypylous to the aphodal type 
but often appear as if diplodal. 


Fig. 97. — Tetractinellids. A. A typical tetractinellid, Craniella . piece removed to show 
radiating interior, preserved specimen. B. Section through a tetractinellid sponge (one 
of the Craniellidae) showing radiating spicule bundles. C. Chondrdla, from life, Bermuda. 
D, Section through two radiating bundles of Ancorina, showing pro- and anatriaenes in the 
bundles and astrose microscleres; microscleres of the cortex are streptasters, magnified at 
3, microscleres of the choanosome, oxyasters, magnified at 5. From slide. (Courtesy 
Dr. M. W. de Laubenfel s.) E. Tribrachion . F. Disyrinya. G. Section through the outer 
part of TetUla , showing ectosome with cribriporal roof, subdermal cavities, and fibrous 
layer; spicules of the radial bundles above, no microscleres. ( E-G . after Sollas, 18SS.) 
H. OscareUa , with lobulated surface. {After Schulze , 1880.) 1, oscula; 2. protriaene; 

3, streptaster of cortex; 4, anatriaenes; 5, oxyaster of choanosome; 6, cribriporal roof: 
7, subdermal cavity; 8, fibrous layer; 9, radial spicule bundle, spicules thereof enlarged 
above: 10. oscular tube; 11, incuirent tube. 
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Fig. 9S. — Tetractinellida (continued) - A. Section of Pachasirdla showing spl ™^°“ °‘ 
calthrops, cortex with acanthostyles: from slide. {Courtesy Dr. AT. IT. * 

B Section through outer part of Chondritla from file, showing the chones and 

wi t r Xrasters C. Spheraster of ChondrUla. enlarged. D. Section through Geodio 

showing ectosome with special ectosomal spicule bundles rock l ^B ment ^ 
rasters and chone. and choanosome with tnaenes, subcortical crypt, and “t: ro^ 
scleres i ifter Sollas, 1SSS.) E. Microscleres of Geodvi. enlarged, from slide. ( 
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The order Camosa comprises those > forms with 

PW-iM shows a primitive type of structure “t*out 'Ortex, ^ 

illustrate^ a stage in the development of cortex. qqO 

“W has lost all the spicule ^ except sp^.e, 

'atte P d asters and is supported mainly by a thick fern mesons. 

The order Choristida includes the majority of the genera with a thic 
and eo^pieuons eortev and radiating bundles of oseas and tnaenes 
tvmcally ana- and protriaenes. The Chonstida are divisible into the 
Srophora with astrose microscleres and the Sigmatophora with sigma, 

Famihar genera with asters include Ancorina (Fig. 9 iD), ™* ne “’ Pe ^ are _> 
MyriastTa, Hk (Fig. MB), etc. In Gertia (Fig^ ,«D >), , the cortex - 

throughout the choanosome. Tetill a (Fig. 97(7) is defined by de Lauben- 
fels as a genus devoid of microscleres. The Sigmatophora comprise the 
family Craniellidae, exemplified by Cramella (Figs. 9/ .4 and 99.4). 

A certain number of tetractinellids have lithistid skeletons, i.e^, the 

skeleton is composed of desmas cemented into a framework (Fig. 995, C). 
These were formerly placed in a separate order Lithistida but according 
to de Laubenfels should be regarded as modified members of the Carno^a 
and Choristida. In addition to the framework of desmas, these sponges 
also have triaenes and astrose and various sorts of monaxon microscleres. 
Some of the genera are Corallistes (Fig. 99B), Kahapsis, Pleroma, Theo- 

neUa, Vetulina, and Discodermia (Fig. 99C). 

The details of the development are known only for the more primitive 

genera as Halisarca (Meewis, 1939) and Plakina (Schulze, 1880; Maas, 
1909). A coeloblastula is formed which escapes as a completely flagel- 
lated larva composed of slender crowded cells. This attaches by the 
anterior half, which invaginates after attachment into the posterior half 
and becomes the flagellated layer, at first simply outfolding into large 
flagellated chambers. The resulting stage is similar to a rhagon. The 
further development has been carefully described for Halisarca by 
Meewis. An osculum breaks through, and from it excurrent canals grow 
inward connecting with the flagellated chambers. The epidermis and 
amoebocvtes come from the cells of the original posterior half of the larva. 


Dr. M. W. de Laubenfds.) 1, acanthostyies; 2. calthrops; 3 t chone; 4, spherasters; 5, 
flagellated chambers: 6, eribriporai roof; 7, subdermal* cavity; 8, subcortical crypt; 9, 
ectosomal spicules; 10, rock grains; 11, layer of sterrasters; 12, triaenes; 13, asters; 14, 
sterrasters of Geodia enlarged; 15, asters of choanosome of Geodia enlarged. 





metazoa of the cellular grade of construction 


343 


There is here no inversion of germ layers such as occurs in monaxonids^ 
The developmental history is further evidence for the primitive nature o 

H<1 Thetetractinellids are abundantly represented as fossils, chiefly types 
with lithistid skeletons, of simple shape, beginning in the Cambrian an 
reaching their height in the Jurassic and Cretaceous. Other types have 

separate spicules, including calthrops, triaenes, and asters. 

2. Monaxonida— The monaxonid sponges with siliceous monaxon 

megascleres are the most common of all sponges and are found in abun- 
dance throughout the world in shore and shallow waters, down to about 
50 m., living attached to objects mostly by means of spongin secretion. 
The group occurs in a great variety of shapes, from rounded masses 
(Fig- 100.4) to bushy, branching types, often with long slender branches 
(Figs. 77 A, D, 102 J, and 103F). Others are elongated or stalked with 
club-, funnel-, cup- (Fig. 77C) or fan-shaped bodies. Some extend down 
into the deeper waters, even to depths of 5000 or 6000 m., and some of 
these deep-water forms are of remarkable appearance, as Cladorhiza 
(Fig. 100(7). The small rounded body tapers to a pointed bare, set into 
the bottom ooze, and carries a circlet of projections supported by skeleton 
and evidently serving to prevent sinkage into the mud. Other deep- 
water forms as Radiella (Fig. 100 E) have an equatorial girdle of long 
spicules for the same purpose. The monaxonids usually have many 
oscuia, which in branched types are situated on the ends of branches or 
projections (Fig. 77 D). In Polymastia (Fig. 100Z>) both incurrent and 
excurrent openings are mounted on tubes (fistulas) projecting from the 
rounded body. The monaxonids vary from quite small forms to large 
masses, but the majority are of moderate dimensions. The largest 
known sponges occur in the order Hadromerina; the cake-shaped logger- 
head sponge ( Spheciospongia ) from the Gulf of Mexico and the um-like 
Neptune’s goblet ( Polcnon , Fig. 77C) may attain a diameter or height of 
1 to 2 m. The monaxonids exhibit a range of coloration, and most of 
the red or orange sponges fall into this group. The surface is commonly 
rough or hispid but lacks conspicuously projecting bristles. The group 
includes the fresh-water sponges, family Spongillidae, order Haplosclerina. 

A more or less definite construction is common among the monaxonids ; 
the principal types are the radiate, plumose, and reticulate. The forms 
with radiating structure (order Hadromerina) resemble the Choristida, 
having a thick well-developed cortex and radially arranged bundles 
(Fig. lOOfi) of megascleric monaxons, mostly tylostyles, but also including 
oxeas and styles. The plumose or axinellid type (Fig. 101F, G) is a 
variant of the radiate type. In the reticulate type (Fig. lOOG), the 
spicules are joined by means of spongin into a network that permeates the 
interior and at the surface commonlv ODcns out into SDicule brushes 
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Flr , ino Monaxonida. .4. A monaxonid of the order Hadromerina from We. 

Bermuda. B. Vertical section through the same, shomng radiating bundles ° 

C. Cladarhiza. ( After Ridley and Dendy. 1SS7.) D. £J£*Z 

( A fter Ridley and Dendy , 1S87.) F ■ ^ ertical section of Tedania, see Fig. 77 D, tar g 
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piercing the epidermis. The spicules of monarconkfa may also be -.tout 

definite arrangement, as m Hahchondna (Fig. - ) The 

The body is well differentiated into ***'£*!£;%) and its 

former may be tough and fibrous as in Subentes (Fig. 100 H) and 

relatives consisting of one or more layers of desmacytes and con ai 
SbderS’al spaces. The desmacytes may descend into the choanosome 
along spicule bundles and canal walls. In other cases the fibrous la* era 
are thin and the cortex consists chiefly of gelatinous mesogloea enclosing 
various kinds of amoebocytes. In most monaxomds, however, a diffe 
entiated cortex is absent, and the ectosome is composed o a thm de I 
membrane overlying extensive subdermal spaces (Fig. 103 J) crowed y 
columns of spicules or spiculated spongin fibers. The small dermal pores 
may be scattered over the sponge or limited to pore areas related to the 
spiculation or the subdermal spaces. Thus a pore area may overlie each 
subdermal space, and the surface of the sponge may be marked off into 
rounded or polygonal pore areas that indicate the positions of the sub- 
dermal spaces. Dense spiculation of the ectosome also results in the 
limitation of the pores to separate areas. In some monaxonids, derma 
pores occur only in an equatorial zone. In flabellate shapes, the derma 
pores may be on one side, the oscula on the other; but this is not always 
the case. From the subdermal spaces channels lead into the choanosome, 
which is often permeated with small spaces. The flagellated chambers 
are of the small rounded type and occur throughout the choanosome 
embedded in mesenchyme. The canal system is always leuconoid and 
may be eurypylous, aphodal, or diplodal. There are usually se\eral or 
many separate oscula, which may be elevated on papillae or ha\ e a raised 
rim or be sunk into depressions. Sometimes the oscula are clustered 
together. It is not uncommon for the inhalant and exhalant apertures 

to be indistinguishable. 

The spicules are siliceous and generally differentiated into megascleres 
and mieroscleres, although either type may be wanting. The megascleres 
are all monaxons, both styles and rhabds. In a given sponge all the 
megascleres may be of one kind, but often two or more sorts of megas- 
cleres are present. In the order Hadromerina, spongin is lacking, and the 
megascleres are separate, although often aggregated into radial bundles 
(Fig. lOOB). In the other monaxonids, the megascleres are bound 
together by spongin secretion and usually form a network. Various 
stages in this process of the binding of some or all of the megascleres by 
spongin occur (Fig. 101 A-D). At first only the tips of the spicules are 


oscula. G . Spiculation of Tedania, example of fibroreticulate structure with ectosomai 
specialization. H. Section through a suberitid sponge, showing fibrous layers of ectosome 
and ectosomai brushes of tylostyies. (After Ridley and Dendy. 1887.) 1, tangential 

ectosomai spicules; 2, ectosomai spicule brushes; 3, choanosomal network: 4, ascending 
epiculofibers of choanosome; o-8, spicule types of Tedania ; 5, tylote; 6. tyiostyle; 7, oxea; 
8, raphide; 9, fibrous layers of ectosome; 10, ectosome; 11, choanosome. 
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united (Fig- 101-4). and a regular network resets ^whjeh the ““the 

C ° LZ^y bend’s so a, to enclose the spicule bundles m a thm 

TX(- 1015) and finally definite spongin fibers arise that contain 
SfeS encloSi spicules (tig. MIC, «. I» other ca*s the sptcule, 
are onlv partly embedded in the spongm fibers and projec ~P 

fTrement called echoing. Again, spongin fibers may have both 
XX (“coring”) and echinating spicules (Fig- 103-4). and the* 
be of different sorts. The meshes of the network may be all alike and 
bnger than the spicule length, a type of network knowm «ren«n» ^ 

to the Sponge periphery (Fig. 101G). In branched sponges, each branch 
may contain one or more main spiculofibers from which secondary' fibers 
are giyen off. A skeleton of ascending spiculofibers of the echinating 
type without coring spicules constitutes the plumose or axmellid type 
(Fie. 10LF, G ), named from the genus Axindla. The ectoome o a 
lyspongia has a coarse network of spongin fibers with coring spicules 
enclosing a finer network (Fig. 1025). The dominance of spongin oyer 
«picule formation may proceed so far that the skeleton becomes a spongin 
network differing from that of the Keratosa only in the presence of a few 
spicules in the flesh and fibers at the periphery of the sponge. On the 
other hand, spongin may be absent and the spicules strewn throughout 
the flesh without any definite arrangement or but feebly reticulate. The 
monaxonids also include some forms with lithistid skeletons composed 

of monocrepid desmas. 

There is usually a special ectosomal skeleton, often comprising spicules 
different in size or type from those of the main body of the sponge. This 
ectosomal or dermal skeleton may consist of a network or of spicules 
parallel to the surface or of spicules projecting from the surface. Typi- 
cally as the spiculofibers of the choanosomal network approach the surface 
they break up into brush-like bundles that cross the subdermal spaces and 
may terminate in or beyond the ectosome (Figs. 100G, H and 101G), some- 
times carrying along the dermal membrane into tent-like elevations, or 

conules. 

The microscleres are astrose in the Hadromerina (Fig. 102F, H ) ; in 
other monaxonids, when present, they consist usually of sigmas, toxas, 
and chelas (Fig. 103G, D, E). Various types of chelas are particularly 
characteristic, arranged in rosettes in some genera (Fig. 103G). Birotu- 
late microscleres (Fig. 81, 30) are characteristic of the gemmules of 
fresh-water sponges and are also found in a few marine monaxonids. 
^Microscleres are often absent among the monaxonids. especially in the 
order Haplosclerina. Foreign bodies are very commonly present. 
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Fig. 102. — Monsxonida (continued'. A. Section through Fo/udWria ^°wing the 
icules- bodv surface to the left, shoeing absence of any special cortical spicidation; 

Spongin network of CaUytpongia with coring spicules, having a coarse network enc^ng 
c ' t ^ nT i. t v>A pornsome onlv;. (From sfufe, courtesy #r. 3/. Jr. ae Lauoenja •/ 

- i rr - 7 - \ Tn'rii on crab. D . Section of the same. 
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The monaxonids are divided by some recent workers -p e 

Hadromerina, Halichoadrina, Poeciloscleriaa. “ d . 

are closely similar to the Choristida in general appearance (Fig. 102 G) 
and corticate radiating architecture blit lack triaenes. Their megasclere 
are tylostyles, styles or oxeas, and the microscleres, when present, are 

astrose. Typically there are radiating coiumns 5 ^^styles ’ ^lOO^Ld 
ine brushes of tylostyles m the cortex, as in Subentes (Fig. ) 

Zra2eUa (Fig 10 2F). The Suberitidae have a thick fibrous cortex, 

tylostyl-, ind no microscleres (Fig. lOOff) and -n toted for 
the association of a number of their species with hermit crabs (Fig_ 1020 , 
D). To the Suberitidae belong also Polymastia (Fig. 100D), with fistulas 

and radiating tracts of tylostyles and styles, and the very large 0 € ™ n 
fFie 770 The family Clionidae or boring sponges, with a spiculation 

of tylostyles and spirasters, inhabit the interior of coral skeletons, mollusk 
shells and other calcareous objects (Fig. 102 E). The larva settles on 
such objects and in some unknown manner (apparently not by secretion 
of acid nor with the aid of its spicules) bores and occupies channels in the 
interior, eventually permeating the entire object and emerging on the 
surface as a thin layer. Species of Cliona are often of a sulphur-yellow 
color; others are green or purple. A group of genera having oxea-like 
megascleres is exemplified by Tethya (Fig. 102G), a genus with a eharacter- 
tuberculate surface, radiating bundles of monaxons, and seiera 


types of euasters (Fig. 102 H). 

The Halichondrina generally lack microscleres and have two or more 
sorts of megascleres— diactines, monactines, or both— intermingled with- 
out- definite localization. The family Axinellidae have the axinellid struc- 
ture (Fig. 10LF, (?) with ascending spieulofibers of echinating oxeas and 
styles and a bristly surface caused by projecting ectosomal brushes. 
Halichondria, forming mostly flattened growths with raised oscula (Fig. 
102 J), has a spiculation of various sizes of oxeas strewn throughout the 

flesh and paralleling the surface (Fig. 102 A). 

The order Poeeiloselerina includes the majority of the Demospongiae. 
The structure is generally reticulate with the spicules united by more or 
less spongin into a regular network (Fig. 100(7) or a network with main 
ascending spieulofibers that may be echi n ated or cored or both (Fig. 
103A). There are two or more sorts of monaxon megascleres, one or 
more kinds in the ectosome, the others in the choanosome. This distinc- 


showing spiral cavity formed by snail shell; (C and D after Muller , 1914.) E . Cliona, from 
life, Atlantic Coast, growing on a piece of coral whose cups can be seen. F. SpirastreUa, 
column of tylostyles, and spirasters enlarged at 6. G. Tethya , preserved. H, Spicules of 
Tethya, styles and euasters. J. Halichondria , from life, Atlantic Coast. 1, spiral cavity 
formed by snail shell; 2, style of Tethya ; 3, euasters (strongyl asters) of same; 4, claws of 
hermit crab protruding; 5, tylostyles of Spirastrdla; 6, spirasters of same. 



350 THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 


Vi 


/ 


if/ 






- 




*>5 




I: 




'it 




¥>rm 










- 


r.sr 


A', 


Fig. 103. — Monaxonida (continued). 4. Spiculation of Microciona P rt M ( ™ 

Fig. 77.4) showing spongin fibers with coring styles and echinatmg 
Microscleres of same. C. Spicule types of ParespereUa D. Spicule typ« 
g. Spicule types of .Vfvcafe ^ and £ <tfter dc LaubenfeU, 1932a.) F. Holidona, dry 





metazoa of the cellular grade of construction 


351 


firm between ectosomal monaxons and those of the interior is characteri- 
tic of thlTder The microscleres are typically chelas of various type, 
sigmas, and toxas. As examples of the range of spieulation a fen gene r 
JJ? mentioned and illustrated. Microciona (Fig. 103-1 , B) ha. 
demal and choanosomal styles; ascending spiculofibers of smooth, jlc, 
ivith echinating acanthostyles; isochelas and toxas. * y 
ectosomal diactines, mostly tomotes; choanosomal styles, often sp.nc , 
isochelas and sigmas (Fig. 1030). In the very sm.Hr ■ Woo o jF^ 

100G) there are ectosomal tylotes, choanosomal style, a - ' ’ 

rih, and raphides. Mycale (Fig. 103 E) has coring and eehmating 

smooth monaxons, and anisochelas. sigmas, and toxas as rmcrosc e -• 

In Paresperella there are rosettes of anisochelas and very large sigm 

^‘lomfSteresting deejvsea sponges belong to the Poeciloselenna such 
as Cladorhiza (Fig. 100C) and Esperiopsus, one of the notable finds of the 
“Challenger” expedition. In Esperiopsis , a long mam stalk gnes o 
lateral stalks, each topped by a rounded sponge mass, in a bilatera 

arrangement. 

The Haplosclerina have typically a spieulation of oxeas, occurring 
in a range of sizes without any definite distinction into megascleres and 
microscleres nor any special ectosomal spieulation. The representative 
marine genus is Haliclona (Fig. 103 F), which according to Burton (1926) 
includes Reniera, Chahna, Pachychalina, and similar genera. These very- 
on forms have the renierine or isodietyal skeleton composed of a 


Hill 


pfl . * 

meshwork of single (Fig. 101.4) or parallel (Fig. 101C) oxeas united by- 
more or less spongin or enclosed in spongin. The fresh-water sponge,, 
f amil y Spongillidae, logically find place in this order. They occur 
throughout the world in ponds, lakes, and slow streams, as low encrusting 
or slightly branching growths on twigs, plant stems, and other objects 
(Fig. 103U). Usually they are greenish from the presence of zoochlorellae 
in their archaeocytes. The young sponges acquire the zoochlorellae from 
outside by way of the water current ; they are ingested by the ehoanoeytes 
and then passed on to the amoebocytes. Although the zoochlorellae 
are probably of some value to their hosts, it is improbable that they are 
essential. Structurally, the Spongillidae consist of a very- thin dermal 
membrane overlying large subdermal spaces (Fig. 103J) separated by- 
spicule col umns , and a very open interior composed of innumerable 
water channels lined by pinacocyries and surrounded by sponge tissue 
consisting of small round eurvpvlous chambers and two or three kinds 


specimen, skeleton as in Fig. 101 C. G. A fresh- water sponge growing on a twig. H. 
Spieulation of a fresh-water sponge, SpongQla laeustri*. J. Section through a fresh-water 
sponge, showing structure. 1, echinating acanthostyles; 2, toxa: 3. Lsochela; 4, large sigmas. 
5, rosette of anisochelas; 6, oxeote megascleres; 7, microscleric spiny oxe&s; S, derma] 
membrane; 9. subdermal spaces; 10, spicule column. 11, flagellate chambers. 


352 THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 

of amoebocytes, among which the archaeocytes with large nuclei and 
nucleoli are conspicuous (Fig. 80 H). There are several oscula, mounted 
in some forms on delicate chimneys of dermal membrane. The spicula- 
tion consists of a network of smooth or spiny large oxeas with small 
oxeas, often spiny, scattered throughout the flesh (Fig. 103#). In 
addition, in most Spongillidae, birotulates (Fig. 81, 30) are secreted during 
gemmule formation. Asexual reproduction by means of gemmules 
(page 307) prevails among the Spongillidae, although sexual propagation 
by way of typical larvae also occurs. Reduction has been observed. 
Many species, distributed among several genera, such as SpongiQa, 
Myenia , Heteromyenia , etc., have been recognized. 

The order Epipolasida is recognized by de Laubenfels, following the earlier woik 
of Sollas, for sponges similar in general architecture to the Hadromerina (in which 
order they are usually placed) but differing in an absence of tylostyles. Whether 
this absence is primitive or the result of loss cannot be stated. Tethya (Fig. 102G, H ) 
with faintly tylote ends of its styles is an example of the group. 

Since spongin is not preservable, fossil monaxonid sponges are known 
only from the monaxon megascleres of which the earliest occur in the 
Middle Cambrian. The arrangement of the spicules of some of these 
fossils suggests that they were bound into fibers by spongin. 

3. The Keratosa or Homy Sponges —The homy sponges are a group 
in which the skeleton consists exclusively of spongin fibers. They are 
not sharply demarcated from the monaxonids, since the latter as already 
mentioned often have conspicuous spongin fibers. The Keratosa are 
mostly of considerable size and of rounded massive form with a number 
of conspicuous oscula often mounted on elevated regions of the sponge 
(Fig. 104.1). In the genus Phyllospongia , the form is leaf-like. The 
surface is leathery and may be smooth but more often is beset with little 
elevations termed conuks. The coloration is dark, chiefly black. The 
homy sponges characteristically live in the warm waters of tropical and 
subtropical regions, but small-sized specimens or species may extend 
into arctic and antarctic zones. They are typically shallow-water forms, 
inhabiting rocky' bottom or some other hard substratum to which they 

are attached directly by spongin secretion. a 

The skeleton is typically composed of a network of spongin fibers 
(Fig. 104F) devoid of proper spicules, in which there are often embedded 
large numbers of rock grains and other fragments (Fig. 104D). In some 
genera, the fibers of the spongin reticulum are all of the same diameter; 
in others there are numerous larger thicker fibers that pursue a straight 
course to the surface, elevating it into the tent-like conules just mentioned 

(Fig 104D). In the genus Hircinia (Fig. 104.4, D), peculiar filaments of 

unknown nature and function are strewn throughout the spongp. In 
the family Darwinellidae, separated in many works on sponges into 
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Fig. 104. — Keratosa. A. A typical horny sponge, Hircinia , from life, Bermuda. 
B. Section through two oscula of the same. C. Four conules with membrane between them 
full of dermal pores. D. Skeleton of Hircinia, including two conules. E. Canal system of 
Hircinia , showing diplodal chambers. ( After Schulze, 1SS0.) F. Spongin network of a 
bath sponge. G . Skeleton of AplysMa. ( After de Laubenfds, 1932o.) 1, conules; 2, 
dermal pores; 3, fibers peculiar to Hircinia; 4, spongin fibers filled with rock grains; 5, 
flagellated chambers; 6, prosodus; 7, aphodus; 8, foreign spicules. 
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separate suborder Dendroceratina, the homy fibers do not anastomose 
into a network but instead are arranged in a dendritic (tree-like) manner, 
spreading from the base (Fig. 1040). A few cross connections may be 
present. Furthermore, some members of this family have polyaxon 
spicules composed of spongin. The most common genus of the Dar- 
winellidae is Aplysilla (Fig. 1040). Some of the forms devoid of skeleton 
as Heridella and Bajulus are believed by some workers to be derived 
from the Keratosa; supporting fiber cells or stiff jelly take the place of 
skeleton. 

Spongin belongs to the group of proteins variously known as pro- 
teinoids, albuminoids, or scleroproteins, which form hard skeletal and 
protective structures in animals and are noted for their insolubility, 
chemical inertness, and resistance to proteolytic enzymes. Here belong 
the keratins — sulphur-containing proteins such as hair, horn, nails, 
reptile scales, etc.; the silk secretions spun by various insects; and the 
collagens, found in connective tissues, conta inin g much of the amino 
acid glycocoll and yielding gelatin when cooked. Contrary to the state- 
ment often seen, spongin is not closely allied to the silk secretions but is 
more nearly related to the collagens (Clancey, 1926). Block and Bolling 
(1939) have divided the keratins into the eukeratins, represented by hair, 
nails, feathers, snake scales, etc., and the pseudokeratins, which are less 
resistant to enzvmes and are found in the human skin, nervous system 
(especially the white matter), sponges, and gorgonians. Spongin from 
bath sponges, according to the analysis of Block and Bolling, contains 
iodine, the amino acids lysine, arginine, cystine, phenylalanine, and 
glycine, and very small amounts of histidine and tyrosine. It differs 
from the pseudokeratin found in the gorgonians chiefly by its much lower 

cystine and tyrosine content. 

Spongin fibers are secreted through the cooperation of rows of spongio- 
blasts (Fig. 820). Typically, spongin fibers are clear and homogeneous, 
but in some genera, especially Yerongia and some of the Darwinellidae, 
thev have a central soft pith or core encircled by concentric cylinders of 
spongin. Often the horny fibers are impregnated with rock fragments 
and other foreign bodies, although some genera as Hippospongia, are 
free from them. The foreign bodies may be present in all the fibers of 
the skeleton as in Hircinia (Fig. 1040), or only the ascending fibers may 

contain them, while the transverse fibers are free from them | 

The flesh of the sponge is also very frequently permeated with all sorts 


° f The^urfTcTof the Keratosa consists of a leathery membrane thatos 
apparently nonliving and probably composed of spongin. The 
generally numerous dermal pores in the depmsaons between the 

(Fig. 104 C), but the pores may be fewer and scattered. 
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sponges IS ot the cupiouai , *u P eurvpvlous condition 

si i a. - — 

a ^“"L. y Spongiidae. f „e,a Wj(- 

are most abundant in the Mediterranean, which furmshes the best 
ouality the Gulf of Mexico, and the Caribbean and adjacent waters. 
Thames are taken by “hooking” with a pronged fork o" the end of a 
long pole by nude diving, and with the use of diving outfits The 3 are 
left lying’in shallow water until the flesh has decayed, and then the> are 
squeezed and washed or tread with the feet until only the horny skeleton 
remains. This may then be bleached or dyed. The famihar sponge 
household use consists only of the spongm skeleton and ernes its ^ a 
holding capacity to the capillary forces of the meshes of the spongin net. 
Overfishing has much depleted the best Florida sponge grounds, and 
attempts have been made to restock the habitat by setting out sponge 
cuttings fastened to cement blocks. Although these require a few years 
to attain marketable size, such measures will undoubtedly prove beneficial 
to the industry in the long run. From the known rate of growth of bath 
sponges, it is estimated that the largest specimens of Spongia and Hxppo- 

spongia may be up to 50 years old. _ 

4. Histology.— Histologically the Demospongiae are characterized by 

the long fiber cel’s (Fig. 80F) that may form one or more fibrous layers 

in the cortex (Figs. 97 G and 100 H) and may occur in the interior along the 

larger water channels and along spicule tracts. They have contractile 

powers, being in fact very little different from myocytes, and sponges 

possessing them will contract considerably upon handling, removal from 

the water, exposure at low tide, etc. Many Demospongiae possess large 

amounts of mesogloea and in some, as Chondrosia and the forms that 

lack a skeleton, this jelly furnishes the chief support of the sponge body. 

The epidermis of the Demospongiae is apparently nearly always syncytial, 

forming an epithelioid membrane. The Keratosa appear to be clothed 

in a nonliving tough surface membrane. Each species has several kinds 

of amoebocytes, among which a type with coarse granules and another 

with one large globule (cystencyte or globoferous cell) are frequently met 

with (Fig. 80 K). Others have colored droplets that give the species a 

characteristic color. Types with a large nucleus having a conspicuous 

nucleolus (Fig. 80 H, K) are presumably identical with the archaeoeytes 

of older literature. Some of the amoebocytes are probably fused into 

a netlike syncytium in many forms. 
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6. Reproduction.— Asexual reproduction by means of g emm ules 
(Figs. 84 and S5), which consist essentially of clusters of amoeboeytes, is 
widespread throughout the Demospongiae and is particularly character- 
istic of the Spongillidae whose gemmules differ from those of marine 
sponges in being enclosed in a hard shell (Figs. 84/ , 85 A ) . The gemmules 
of the Spongillidae hatch directly into a young sponge (Fig. 85.4) whereas 
those of marine sponges (Fig. 85 B, C) give rise to flagellated larvae 
which resemble closely in appearance and development the larvae 
originating from fertilized eggs. 

The embryology has been followed in a number of species and except 
in the simpler tetractinellids already mentioned (page 341) follows a 
similar course throughout the class. Slightly unequal cleavage results 
in a solid blastula whose cells increase in size toward the posterior pole 
(Fig. 105.4). The superficial cells of the mass alter into long slender 
flagellated cells, while the interior cells constitute an inner cell mass 
composed of two or three sorts of amoeboeytes embedded in a gelatinous 
material (Fig. 105J3). The entire surface may become flagellated but 
usually the posterior pole remains unflagellated and consists of larger 
cells continuous with the inner cell mass. Spicules are early formed by 
scleroblasts of the inner cell mass (Fig. 1055). These flagellated stereo- 
gastrulae escape, swim about for a few to 24 hours, and then attach near 
the anterior pole. There then occurs a so-called inversion of layers. 
The flagellated cells (after loss of the flagella) or at least their nuclei 
become enclosed, either through their own migrations or through the 
emergence on the surface of cells of the interior mass. According to the 
recent account of Wilson (1935). for Mycale (order Poecilosclerina), these 
larvae become syncytial at the time of attachment, and consequently 
the flagellated cells cannot be traced as such. Their nuclei can, however, 
be followed; they become the nuclei of the choanocytes. Epidermis and 
mesenchvme come from the original inner mass, which rearranges mto 
the structure of the sponge (Fig. 105 F). The young sponge spreads at 
its margins by sending out a thin sheet of epidermis into which amoe- 

bocytes wander (Fig. 105D. E). , 

In fresh-water sponges. Brien and Meewis (1938) have found that the 

fertilized egg cleaves to form a stereoblastula, composed of three sizes 

of cells, micromeres. mesomeres. and macromeres. The micromeres 

at first situated at the anterior pole, spread over the embryo by a sort of 

epibolv and multiply rapidly so as to form a surface layer of small ceUs 

that become flagellated. While the embryo is still enclosed m the 

maternal tissues, the cells of the inner mass differentiate mto collencyi«, 

scleroblasts. choanocytes. and amoeboeytes. Choanocytes and scle 

blasts come from the large blastomeres or macromeres, whichappear t 

of the nature of archaeocytes. An interior cavity forms and the embryo 
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Fig. 105- — Development of Demospongiae. A. Stereo gastrula of Esperdla (now 
A fycale). B. Swimming larva of the same. ( A and B ajter Wilson, 1894). C. Swi mmin g 
larvae of Tedania, from life. D. Young sponge developed from C. E. Growing edge of D , 
showing advancing amoebocytes. P. Section through young sponge developing from B , 
from slide. ( Courtesy of Dr. H. V. Wilson.) 1, flagellated layer; 2, inner cell mass; 3, 
flagellated chambers; 4, amoebocytes. 


and the canal system develops from the cavity already present. The 
collencytes pass to the exterior to become the epidermis, and the flagel- 
lated cells of the surface become enclosed and are phagocytized, playing 
no role in organogenesis. The development of the Spongillidae thus 
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differs from that of other monaxonids in that there is no “inversion” of 
the layers and the choanocvtes do not come from the surface flagellated 
cells of the larva; but it is probable that this development is modified 
and shortened from that characteristic of monaxonids. 

VII. GENERAL AND PHYLOGENETIC CONSIDERATIONS 

Despite their many peculiarities, sponges furnish us with some idea 
of the construction of the early Metazoa. The sponges are lowly organ- 
ized aggregations of cells that are but slightly differentiated into several 
sorts. Tissue formation is limited to the production of epithelia on free 
surfaces. It is noteworthy that the surface layer, which in animak 
generally differentiates at an early stage, in sponges remains undeveloped. 
Instead, differentiation proceeds in the mesenchyme. Epidermis and 
mesenchyme originate in sponges from the same embryonic cells, and 
hence the mesenchyme may be considered theoretically to be an ecto- 
mesoderm. Sponges have made no progress in the formation of an 
anterior end or head, although each osculum has probably some of the 
physiological characteristics of a controlling region. There is also in 
sponges no proper digestive sac and the protozoan mode of food intake 
and digestion has been retained by most, probably all, of the cells. 

The lining of internal cavities by cboanocytes is peculiar to sponges, 
although cells similar to choanocytes occur in some mollusks, annelids, 
and other forms. Many zoologists believe the presence of choanocytes 
in sponges can only be interpreted to indicate the direct descent of sponges 
from the Choanoflagellata. Others, however, have pointed out that 
sponge larvae are clothed in ordinary flagellated cells, not choanocytes, 
and hence sponges may have arisen from the same general flagellate stock 

as did the other Metazoa. 

The embryonic history of sponges is puzzling and difficult of inter- 
pretation. In most Calcarea and the simpler tetractinelhds the coelo- 
blastula invaginates into a typical gastrula; but it is the animal half that 
invaginates, not the vegetal half as in other Metazoa. In other sponges a 
stereogastrula arises by ingression or secondary delamination; but, 
whereas in other Metazoa with such larvae the inner cell mass is entoderm 
and hollows out into a digestive sac, in sponges this mass becomes the 
epidermis and the mesenchyme while the surface epithelium, ectodermal 
in other Metazoa, transforms into the choanocytes. The one point of 
agreement between the embryology of sponges and that of the radiate 
phyla is that the anterior end of the larva becomes the attached end o 
the adult ; but this end in sponges also bears the blastopore when one is 
present, whereas in the Radiata the blastoporal end is oral, borne 
zoologists evade these difficulties by postulating the “inversion of th 
germ layers” in sponges, asserting that the epidermis of sponges is re y 
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entoderm, and the choanocyte layer, ectoderm. 

««£ to suppose either that sponges evolved fro 
different 'group^f 3 flagellates than did the rest of the Metazoa or else hat 
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flagellated ancestor; this view is greatly strengthened by the recent findin 0 
(page 322) that the amphiblastula of syeonoid Calcarea un ergoes an 
inversion process identical with that occurring in the development o 
Volrox The prevalence of stereogastrulae among sponges mdicate= that 
he filling of the interior with mesenchyme might have been the common 

achieving complexity among the earliest Metazoa. Spong« 
have evolved very little beyond the stage of a colomal protozoan, pos^blj 
though their eady adoption of a sessile mode of life and the inability of 
their cells to give up their protozoan habits The failure to de% e P 
mouth and digestive sac and the retention of the original flagellate ce 
as food getters and current producers lead to the evolution of a unique 
anatomical type permeated with water channels. With the assumption 
of the sessile habit, the surface flagellated cells were no longer required to 
exercise their loeomotory function but appear to have been incapable of 
altering their other protozoan activities. Their relegation to t he mterior 
was probably advantageous and may have been accomplished in different 
ways in the different lines of sponges probably already established. Once 
the flagellated cells became located in the interior there followed the 
elaboration of the system of water channels, which is the chief structural 
feature of sponges. Evolutionary change in sponges has been concerned 
chiefly with the perfecting of the water system and the development of a 
skeleton. The mode of production of the skeleton is again protozoan, 

concerning only single cells or groups of cells. 

Concerning the relationship of the three classes of sponges, practically 
nothing can be said. Within each class evolution has proceeded along 
many different lines. The Calcarea apparently arose from a simple 
asconoid sponge, and the leuconoid stage has been reached in this class 
by more than one route. No evidence is available as to the relationship 
between the calcareous and the siliceous sponges; the relationship would 
be by way of the choristid tetractinellids, since only these have spicule 
types similar to those of Calcarea. The Hexactinellida occupy a very 
isolated position, but the occurrence of similar amphidisks in hexactinel- 
lids and some Demospongiae may point to the origin of the latter from the 
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former. There is some evidence from paleontology and embryology that 
the tetract is the primitive spicule of the Hexactinellida; this would relate 
directly to the tetractinellid Demospongiae. Among the Hexactinellida, 
the forms with loose spicules are evidently the more primitive, from which 
those with dictyonine networks have evolved. The Demospongiae have 
seemingly arisen from a simple rhagon-like ancestor with tetraxon 
spicules and no differentiation into megascleres and microscleres. The 
earliest type of microselere, the aster, has apparently been derived from 
the tetract by the addition of rays. The monaxonid sponges presumably 
came from tetractinellid ancestors through the alteration of triaenes into 
monaxons by the loss of the cladi. Among the monaxonids there is 
evidenced a tendency to the loss of microscleres and the development cf 
spongin binding the spicules together. With increase in spongin content, 
the spicules progressively disappear, and so the monaxonids lead into the 
Keratosa with a skeleton purely of spongin. Very likely the Keratosa 
have arisen from the monaxonids along several different lines. The 
fresh-water sponges are evidently descended from marine haplosclerine 
ancestors. 

In every group of sponges there is evidenced a tendency for the 
spicules to fuse into a continuous framework. This is seen among the 
Calcarea in the pharetronid sponges, in the Hexactinellida in the produc- 
tion of dictyonine skeletons, and in the Demospongiae in the formation of 
lithistid skeletons in several lines of evolution. It is these fused skeletons 
that are most apt to persist as fossils, and, since they represent highly 
evolved types of sponges, the fossil record cannot be expected to throw 
much light on sponge phytogeny. An opposite tendency toward com- 
plete loss of spicules is apparent among the Demospongiae, and forms with 
reduced spiculation or complete absence of skeleton have evolved in 
several diff erent lines. 

The phylum Porifera is obviously a blind branch of the a n i m al king- 
dom that has no direct relationship to the Eumetazoa. The origin of the 
latter is evidently to be sought in some simple swimming colony. 
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CHAPTER VII 


[ETAZOA OF THE TISSUE GRADE OF CONSTRUCTION 

the radiate phyla— p hylum cnid aria 

L CHARACTERS OF THE PHYLUM 



1. Introduction.— As m the case oi sponges, 

debated. Aristotle termed them Acalephae or Cmdae (Gr. akalephe, net , 

Zid) .»* he kne. .he, could «iog end eoueid^d .hem 
Diants and animals, whence the name Zoophyta (Gr. zoon, animal, phyton, pla ) 
applied to them until relatively recent times. This term Zoophyta, however mclud^ 
a variety of soft-bodied animals, from sponges to ascdians. Pejssonel (1723) 

established the animal nature of the coral “insects,” since he saw them cont ™* 
expand and move their tentacles, and Trembley (1744) gave a similar demonstration 
forbydras. As a result of such researches, Linnaeus, Lamarck and Cuvier placed th 
coelente rates among animals, under their groups Radiata or Zooph>na. In Cuvier 
gystem this included most of the lower invertebrates, with coelenterates split between 
the Acalephae (medusae, siphonophorans, anemones) and the Polyps (hydroids, 
bryozoans, anthozoans, sponges). Lamarck’s Radiata was limited tomedusoid 
coelenterates and echinodenns, and polypoid coelenterates were termed Polyps. 
Eschscholtz (1829) divided the Radiata into Zoophyta, Acalepha, and Echmodermata 
and had the first clear understanding of the Acalepha (medusoid coelenterates) ; he 
recognized the groups Ctenophora, Siphonophora, and medusae proper, creating the 
first two names. Studies on the life cycles of coelenterates, beginning with the work 
of Sara (1829) on Aurelia , demonstrated the relation of the polypoid and medusoid 
coelenterates, previously considered separate groups. The Bryozoa were definitely 
removed from the Zoophyta through the studies of Thompson (1831), Ehrenberg 
(1833), and Johnston (1838), the last creating the name Hydroida. Finally, Leuckart 
(1847) clearly grasped the fundamental differences between the two great radiate 
groups, the coelenterates and the echinodenns, and separated them, creating the name 
Coelenterata (Gr. kodos, cavity, enteron, intestine, in reference to the fact that the 
intestine is the sole body cavity). Leuckart 'a Coelenterata, however, included 
the sponges and the ctenophores, and this combination was long retained while the 
coelenterates proper plus ctenophores were often named Acalepha. The proper 
splitting of Leuckart ’s Coelenterata was achieved by Hatschek (1888), who recognised 
three phyla: Spongiaria, Cnidaria, and Ctenophora. We therefore consider Cnidaria 
to be the most suitable name for the phylum, but the word coelenterates is useful and 
will be frequently employed. Zoologists who retain the combination of coelenterates 
and ctenophores call the phylum Coelenterata, subdividing this into Cnidaria for the 
coelenterates proper and Acnidaria for the ctenophores. We here regard the Cteno- 
phora as a separate phylum. The name Anthozoa comes from Ehrenberg (1833), 
Hydrozoa from Huxley (1856), and Scyphozoa from Haeckel (1891), who also created 
many other names used in the classification of medusae. Haeckel’s Scyphozoa, 
however, included the present Scyphozoa and the Anthozoa, so that it would be more 
just to call this group by the names Acraspeda, Gegenbaur (1856), or Scyphomedusae, 
Ray-Lankester (1877). Anthozoa is preferable to Actinozoa, as the latter wai 
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2. Definition. — The Cnidaria are tentacle-bearing Metazoa with 
primary radial, biradial, or radio-bilateral symmetry, of the tissue grade 
of construction, composed essentially of two epithelia with cement or 
some type of connective tissue between them, with nematoeysts of intrin- 
sic origin, and with but one internal cavity, the digestive cavity, opening 
only by the mouth. More briefly, the Cnidaria are tentacle-bearing 
Radiata with intrinsic mematocysts. 

3. General Characters. — This phylum begins the study of the Eume- 
tazoa or Metazoa proper, having definite form, sy mm etry, and indi- 
viduality, with well-developed tissues, usuall}” also with organs, and with 
a digestive tube opening by a mouth and lined by an ordinary epithelium 
of entodermal origin. The body surface is continuous, not permeated 
with macroscopic pores. The lowest Eumetazoa are the radiate phyla, 
i.e., the Cnidaria and the Ctenophora, radial forms of the tissue grade of 
construction without a definite head or centralized nervous system and 
with no internal space except the digestive cavity. The Radiata are con- 
structed essentially of epithelial, muscular, and connective tissues. The 
polar axis of the larva becomes the oral-aboral axis of the adult and its 
blastoporal end forms the definitive oral end. The Radiata possess diges- 
tive, muscular, nervous, and sensory systems in an elementary stage of 
development, and often, also, an exoskeleton; but respiratory, excretory, 
and circulatory systems are wanting and the reproductive system con- 
sists simply of sex cells usually aggregated into gonads. 

The chief external feature of the Cnidaria is the radial symmetry, 
which in the Anthozoa is modified into biradial or radiobilateral symmetry 
through the elongation of the mouth and correlated changes (Fig. 106# 
J). There is one main axis of symmetry, the oral-aboral axis, extending 
from mouth to base, and the parts are arranged concentrically around this 
axis (Fig. 106G). The parts may be definite or indefinite in number; 
when definite, the number is usually four or six or some multiple thereof. 
Very noticeable also are the tentacles, short or slender extensible projec- 
tions that encircle the oral end in one or more whorls (Fig. 106 A) and 
serve for defense and food capture and intake; they are absent in very few 
members of the phylum. 

The phylum is notable for its polymorphism, i.e., the variety of form 
any one species may present. These forms are reducible to two main 
types, the polyp and the medusa, which again can be derived from each 
other.' The polyp (Fig. 106A) is the sessile form, having the shape of an 
elongated cylinder fastened at the aboral end, with mouth and tentacles 
at the free oral end. The medusa, the free-swimming form, contrasts 
with the polyp in the shortening of the oral-aboral axis, radial expansion, 
and excessive formation of mesogloea. changes resulting in a gelatinous 
bell-, bowl-, or saucer-shaped animal with marginal tentacles (Fig. 106F). 
Polyp and medusa occur in a number of morphological variations, several 



METAZOA OF THE TISSUE GRADE OF COS STRUCT IOS 


367 


£££ Scyp'ho^e” SjW 

exclusively by asexual methods and bud off the medusae or their .!?£' 
Unt, which alone are capable of sexual reproduction. From this fact 

- derived the idea of alternation of generations , aho called m 

i.e., th.. .b. life cycle consists of an alten,a„on of he 

1 oolvpoid generation with the sexual medusoid generatio . 

.he polyp is a pcrsis.ep, larval stage and fhc medusa 

the completely evolved coelenterate. . , 

Structurally the Cnidaria consist of a sohd body wall enc osing 

central digestive cavity. The body wall is composed of an eternal and 
an internal epithelium connected by an intermediate layer (Fig. 106D). 
The outer epithelium is usually called ectoderm and the inner one ent 
derm, but as already explained (page 2&4) the terms ectoderm and ento- 
derm will be limited to embryological stages, and the adult epithelia wi 
be called epidermis and gastrodermis, respectively. The intermediate 
layer usually termed mesogloea. varies from a thin noneellular cement to a 
thick gelatinous mass or a fibrous layer; except in the Hydrozoa it 
contains cellular elements and is therefore really a kind of connective 
tissue. Characteristic of coelenterates are free undifferentiated inteT ~ 
stitial cells, which lie among the epithelial cells, give nse to sex celLs and 
nematocysts, and participate in regenerative and reproductive processes. 
It would be preferable to call all such cells simply mesenchyme cells. 

The systems of the Cnidaria are at the tissue grade of construction. 
The digestive system consists only of an epithelium and has but one 
orifice, the mouth, serving for food intake and ejection of undigestible 
material. It is usually called the gastrovascular system and its cavity the 
gastrovascular cavity, since it serves both for the digestion and distribution 
of food. Coelenteron is a less cumbersome term for the main cavity and 
will be frequently employed. Primitively consisting of a simple tube, the 
digestive system displays throughout the phylum a tendencj to complica- 
tion by putting out branches and pockets and in the Scyphozoa and 
Anthozoa is divided into compartments by gastrodermal-mesogloeal 
projections. In the Hydrozoa and Scyphozoa, ectoderm and entoderm 
meet at the mouth rim; but in the Anthozoa, the ectoderm is turned in 
for a considerable distance as a muscular introduction to the coelenteron. 
Such an ectodermal beginning of the digestive tube is known embryologi- 
cally as a stomodaeum, termed pharynx or gullet in the adult, and is a 
characteristic feature of the Eumetazoa in general. The muscular 
system consists chiefly of circular and longitudinal layers of muscle 
fibrils, which may or may not be parts of the two epithelia. It attains a 
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Fig. 106. — Diagrams of coelenterate structure. A. Diagram of a hydroid polyp- 
B. Diagram of a nematocyst, unexploded. C. Same, exploded. D. Diagrammatic cross 
section of hydroid polyp. E. A hydro zoan medusa. F. Cross section of a hydroaoan 
medusa. G. Diagram of a hydroeoan or scyphoxoan medusa, showing tetramerous radial 
symmetry. H. Diagram of an anthoxoan (anemone) showing hexamerous biradial sym- 
metry. J. Diagram of an anthoxoan (alcyonarian) showing octomerous radiobilateraj 
symmetry. 1, mouth; 2, tentacles; 3, manubrium; 4, gastro vascular cavity; 5, stem with 
periderm covering; 6, pedal disk; 7, epidermis; 8, mesol amelia; 9, gastrodermis; 10, exum- 
brellar epidermis; 11, mesogloea; 12, subumbrellar epidermis; 13, subumbredar cavity; 
14, epidermis of manubrium; 15, gastrodermis of manubrium; 16, gastrodermal radial 
canals; 17, radial canals; 18, velum; 19, tentacular bulb with eyespot; 20, mgmsJU 
muscle band of same; 22, stomodaeum; 23, siphonoglyph; 24, sagittal axis; 25, gasao- 

d ermal lamella; 26, ring canal. 
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high development in some Scyphozoa and Anthozoa 

^tem comprises one or more networks of nerve cells and neuntes 

Sated in the deeper parts of both epidermis and gastroderm 

ous sensory cells are present in the epidermis spa "“ g y ' in 

STK formation of S koleton is of common occurrence through- 

“7*e phylum either as exoskeMon secreted on the external surface o as 
endoskekton formed in the mesenchyme as separate pieces (sclenks) o 

a ^Diamostic^Tt^ phylum are the nematocysts, although similar bodies 
occm if Cllates and as the polar capsules of some Sport** ; (P^es 

bL proved to originate from ingested coelenterates. A ^m.tocyst 
(Fig 1065, C) consists essentially of a capsule containing a coiled .capillary 
tube, which on stimulation discharges to the exterior by turning inside out 
and serves to inject a paralyzing pcison into the prey, or to hold it Py 

wrapping around bristles, etc., or is used for adhesion 

The polypoid types are mostly sessile and movably or unmoi ably 

attached to objects or thrust into a soft substratum, although occasionally 
they are floating. They are solitary or more often reproduce extensive y 
by asexual processes to form more or less plant-like colonies usually 
strengthened by skeletal secretions, often bard and massive, the 
polypoid generation of the Hydrozoa is mostly incapable of sexual 
reproduction. Medusae are free-swimming and solitary, except for a few 
cases of budding, and reproduce sexually. The egg usually develops 
into a ciliated stereogastrula, known as a planula, which attaches and grows 
into some sort of polypoid stage. This stage is permanent in the 
Anthozoa, but in the other classes is often followed by a medusoid stage 

asexually formed. 

The Cnidaria are mostly marine and comprise some of the most 
familiar and common animals of ocean shores, while also extending to 
great depths. The fresh-water forms include the well-known hydras, 
solitary and lacking a medusoid stage, the colonial hydroid Cordylophora, 
the parasitic Polypodium, and several fresh-water medusae having a 

reduced polypoid generation. 

EL CLASSIFICATION OF THE PHYLUM 

The division of the phylum into the three main classes of Hydrozoa, 
Scyphozoa, and Anthozoa is universally accepted, but as regards the 
subdivision of these classes no agreement has been reached. 

Class I. Hydrozoa, the hydroids and craspedote medusae. Coelenterates with 
tetramerous or polymerous radial symmetry; polymorphic with both polypoid and 
medusoid forms, or exclusively polypoid or exclusively medusoid; gastrovasculat 
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system without stomodaeum or nematocyst-bearing structures and not divided by 
projecting ridges or partitions; mesogloea noncellular; sex cells ripening in the epi- 
dermis ; oral end of the polyp elongated into a hydranth; medusae nearly always 
craspedote. 2700 species, solitary or colonial, chiefly marine. 

Order 1. Hydroida, the hydroids. Polypoid generation well developed, 
solitary or colonial, budding off free medusae or with structures representing abortive 
medusae; sense organs of medusae are ocelli and ectodermal statocysts. 1 

Suborder 1. Gvmnoblastea or Anthomedusae or Athecata, the tubularian 
hydroids. Hydranths without hydrothecae; gonophores naked; free medusae tall, 
bell-like, with ocelli but without statocysts; gonads borne on the manubrium. 

Suborder 2. Calyptoblastea or Leptomedusae or Thecaphora, the camp- 
anularian hydroids. Hydranths prodded with hydrothecae; gonophores enclosed 
in gonothecae; free medusae flatter, bowl or saucer-shaped, usually with statocysts; 
gonads borne on the radial canals. 

Order 2. Milleporina, the millepores. Hydroid colony occupying the surface 
layer of a massive calcareous skeleton with pores through which the polyps protrude; 
polyps dimorphic; dactylozooids elongate, hollow, with capitate tentacles; medusae 
formed in special cavities, becoming free, devoid of mouth, digestive canals, and 
tentacles. 

Order 3. Stylasterina. Similar to Milleporina but dactylozooids small, 
solid, without tentacles; gastrozooids and dactylozooids usually arranged in systems; 
bottom of gastrozooid cup usually with an upright spine; gonophores reduced to 
sporosaes, developing in special cavities. 

Order 4. Trachyiina, the trachyline medusae. Craspedote medusae, having 
as sense organs statocysts and tentaculocysts with entoderm al statoliths; tentacles 
usually inserted above bell margin; with or without a reduced hydroid generation. 

Suborder 1. Trachymedusae. Margin smooth, gonads borne on the radial 

canals. 

Suborder 2. Narcomedusae. Margin scalloped by tentacle bases; gonads 
borne in the floor of the stomach. 

Order 5. Siphonophora. Highly polymorphic free-swimming or floating 
colonies composed of several types of polypoid and medusoid individuals attached 
to a stem or disk; polypoid s without oral tentacles; medusoids never developing into 

complete medusae and rarely freed. 

Suborder 1. Calvcophora. Upper end of colony consisting of one or more 
swimming bells. 

Suborder 2. Physophorida. Upper end of colony composed of a float 
(pneumatophore). 

Class II. Scyphozoa or Scyphomedusae, the jellyfish or true medusae. Acra- 
spedote medusae, free-swimming or attached by an aboral stalk; gastrovascular 
system without stomodaeum, with gastric tentacles, and divided or not into four 
interradial pockets by four ridges (septa); mesogloea cellular; gonads entodermal; 
marginal sense organs usually tentaculocysts (rhopalia) with entodermal statoliths; 
polvpoid generation wanting or consisting of a polypoid type (scyphistoma) with 
gastric tentacles and septa which develops directly into the adult or gives off medusae 
by transverse fission. Exclusively marine, 200 species. 

i i n regard to manv medusae, the hydroid generation from which they presumably 

came has not oeen definitely identified; further, the hydroid and 
mav evolve independently, so that often yen' similar medusae are budded fro q 
different hydroid types and yice versa. Because of these difficulties lt ,s ™> 
possible to erect one single scheme of classification for both hydroids and medusae, 
and often medusae and the corresponding hydroid colony bear different generic nam«. 
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Order 1. Stauromedusae or Lucemaruua. --- — - ~ or modjfied 

developing directly from the scyphistoma ; marginal sense organs abse 

tentacles; with septa. , . . , form cubical, with 

Order 2. Cubomedusae or Carybdeida^ jr^a— g internal 

four perradial tentacles or tentacle groups, borne on 

1; umbrella margin bent inward as a velarium; with sept . . 

rhopaha, CorOQat ae (old group Peromedusae in part). Free-swmami g 

££- from £ M by a ciroJar tan-; «»*■ » 

■»“*£ 3 l 't P ™^r , (wi.h . le next onto eo^.o.i.g ^ •* -"*« 

Diacomedusae). Comers of the month prolonged into four long (till; o ,no u 

without septa: margin scalloped; rhopalia a or 10 . 

“ "^to 1 i luJLimaaT Oral lobes lused. obliterating the mouth; numerous 

.USB mouths and canals in the oral lobes; without tentacles or septa ; margin scalloped, 

rh °Si 8 m”toth. I »a. Exclusively polypoid, with bexamerous, oclomerotm « 

SiTTtomodSum strongly developed, often provided with one or more mphono- 
dvohs- gsstrovsscular earity divided into compartments by complete or 

rTroS S^mive .tone; gonads entodemml in rhe septa. Sob, ary or eolonml. 

pxrlusively marine, 6100 species. . . • * ^ 

sSclass L Alcton-abia or Octocorallia. Polyps with eight pinna e 

tentacles, eight single complete septa, and one ventral siphonoglyph ; colonial with 

endoskeletom^ Stolonifera . Polyps not fused, connected by basal stolons or a 

basal mat, sometimes in addition by simple cross connections; skeleton of separate 

soicules or spicules fused into tubes. . . . . - n(T 

Order 2. Telestacea. Colony consisting of very long axial polyps, bean g 

lateral polyps as side branches. 

Order 3. Alcyonacea, the soft corals, lower parts of polyp bodies fused 
into a fleshy mass, from which only the oral ends protrude; at least some of the polyps 
reaching the colony base ; some dimorphic ; skeleton of separate calcareous spicules, 

not axial. . . , 

Order 4. Coenothecalia, the blue coral. Skeleton massive, not of fused 

spicules, containing erect cylindrical cavities for the polyps and the larger solenial 
tubes 

Order 5. Gorgonacea, the horny corals, gorgonians, sea fans, sea feathers, 
etc. With an skeleton of calcareous spicules, or of gorgonin, or of both; polyps 
short, equivalent, rarely dimorphic, borne on the sides of the skeletal axis, not reaching 


the base. . . . 

Order 6. Pennatulacea, the sea pens and sea pansies. Colony consisting 

of one very long axial polyp and of many lateral polyps, always dimorphic, borne 

on the sides of the axial polyp; lower part of the axial polyp forming a stalk devoid 

of polyps; skeleton of separate calcareous spicules. 

Subclass II. Zoantharia or Hkxacorallia. Tentacles simple, rarely 
branched, if branched, not eight (except Dendrobrachia) ; septa other than in the 
Alcyonaria; solitary or colonial; skeleton when present not of loose spicules. 

Order 1. Aetiniaria, the sea anemones. Septa paired, both complete and 
incomplete, often in multiples of six; usually with one or more siphonoglyphs ; solitary, 
without skeleton, aboral end often a pedal disk. 1000 species. 
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Order 2. Madreporaria, the true or stony corals. With a compact cal- 
careous exoskeleton, without a siphonoglyph, otherwise as in Actiniaria, solitary or 
colonial. 2500 species. 

Order 3. Zoanthidea. Septal pairs, except directives, mostly consisting 
of one complete and one incomplete septum; dorsal directives incomplete; one ventral 
siphonoglyph; solitary or colonial, without skeleton or pedal disk; mostly epizoic. 

Order 4. Antipatharia or Antipathidea, the black corals. Colonial with a 
thorny, hom-like axial skeleton on which the polyps are borne; septa single, complete 
6, 10, or 12 in number; with six simple or eight branched tentacles and two siphono- 
glyphs. 150 species. 

Order 5. Ceriantharia or Cerianthidea. Long, solitary anemone-like forms, 
without pedal disk, with numerous simple tentacles in two whorls, oral and marginal* 
septa numerous, single, complete; siphonoglyph single, dorsal. 

m. GENERAL MORPHOLOGY AND PHYSIOLOGY 

1. General Features. — The Cnidaria contrast with the Porifera, with 
which they were at one time united, in their definite form, individuality, 
and symmetry. The entire phylum exhibits radial symmetry, which is 
primary , i.e., continuous throughout ontogeny. The parts are arranged 
concentrically around the oral-aboral axis. 

In the Hydrozoa and Scyphozoa, all diameters are apolar, i.e., with 
like ends, and any two diameters taken at right angles to each other will 
be alike and will divide the animal into like halves (Fig. 106G). In the 
Anthozoa, however, radial symmetry tends to be strongly modified in a 
biradial or bilateral direction chiefly because of the elongation of the 
mouth and associated structures. In biradial symmetry (Fig. 106 H), 
the diameters are still apolar, but that diameter which constitutes the 
long axis of the mouth, termed the sagittal axis, differs from the transverse 
axis , at right angles to it. Either, however, divides the animal into like 
halves as there is no differentiation into dorsal and ventral surfaces. 
In many Anthozoa, the sagittal axis is heteropolar, its two ends unlike, 
dorsal and ventral surfaces are then definable, and the halves obtained 
by bisecting along the transverse axis differ, if only slightly (Fig. 106 J). 
Halves exactly alike are obtainable only by bisection along the sagittal 
axis and a condition of bilateral symmetry therefore exists in such 

Anthozoa. 

As already noted, the phylum comprises two morphological types, 
the polyp (Fig. 106.4. D) and the medusa (Fig. 106 E, F). The polyp 
consists of the base, which may be simply thrust into the substratum as 
a rounded or pointed end but is usually fastened by an adhesive pedal 
disk or by skeletal secretion or by root-like outgrowths, the stolons; of the 
general cylinder, usually termed column, stem, stalk, etc.; and of the oral 
end, which is elongated into a vase-shaped hydranth in the Hydrozoa 

(Fig. 106.4) or expanded into an oral disk in the Anthozoa (Fig. 185- )■ 
The mouth is circular in hydrozoan polyps, often elongated with a 
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- 1 - tpd gj-oove the siphonoglyph, at one or both ends in anthozoan 
C ivDs (Fie 106 H J ). The tentacles may be irregularly seattere u 

one ,o many e ir *, s ; they may be boUow ■« 

m ,’ ilierohudra (Fig. 143 E) and Protohydra (Fig. 133.4), 
"Home Tactic hydro, ds (as Hydrichthys, Fig. 136B), in the rhizome 

medusae (Fig. 172C), in the anemone L.mnacltma, 
modified polyp forms occurring in polymorphic species.. ~ 

tions comprise : loss of mouth and coelenteron with emphasis on tentacula 
Junction s (tentaculozooids); loss of tentacles and digestive system vnt 

emphasis on reproduction {gonozooids) ; development of * 

devices at the expense of other structures (siphonozooids) ./ Ihe pojp 
wa ll consists of epidermal and gastrodermal epithelia with a mesogloea 
between, varying from a thin sheet of cement to a mesenchymal or fibrous 
connective tissue^ The simple tubular coelenteron of hydroid polyps is 
partly divided by four ridges, or septa, in the polypoid larva of the Seypho- 
zoa Continuation of this process results in anthozoan polyps in septal 
partitions, some or all of which extend from the body wall to the pharynx. 
The pharynx, limited to Anthozoa, is a stout tube depending from the 

mouth into the coelenteron. , . t 

The medusa form (Fig. 106E) resembles a deep to shadow bow of 

gelatin, termed the bell or umbrella; the convex aboral surface is called 
the exumbrella, the concave oral surface, the subumbrella. The tentacles 
and one or more types of sense organs are borne on the umbrella rim. 
The mouth hangs from the center of the subumbrella on the end of a 
tubular, entoderm-lined projection, the manubrium, which leads into a 
low gastric cavity or stomach, occupying the central region of the bell. 
The stomach is usually a simple chamber in hydromedusae, but in the 
lower scyphomedusae its periphery is divided into four perradial gastric 
pouches by the four interradial septa. From the stomach gastrodermal 
canals, the radial canals, usually four or some multiple thereof in number, 
lead to a ring or circular canal running in the bell margin. The arrange- 
ment of radial canals, tentacles, and sense organs confers upon medusae 
a conspicuous tetramerous radial symmetry (Fig. 106F, G). The four 
radii, 90 degrees apart, on which the four radial canals or other main 
structures occur, are termed perradii, the sectors between them interradii, 
and the midradius of an interradius, an adradius. Ex- and subumbrella 
are lined with an epithelium of ectodermal origin, and the manubrium, 
radial, and ring canals are lined with an epithelium of entodermal origin; 
between these two epithelia is a thick layer of jelly, either a mesogloea 
or a collenehyme. 

In hydromedusae, a circular shelf, the velum, projects inward from 
the bell marg in partly cutting off the subumbrellar space (Fig. 106 E), 





37o 


metazoa of THE TISSUE GRADE OF COSSTRl’CriOS 

whence these medusae are known as veiled or craspedote medusae; the 
scvphomedusae lack a velum and hence are spoken of as acraspedo e. 
veknn contains a highly developed circular muscle band and sen es m 


The medusa is the active loeomotory stage of the phylum and a - is 
the sexually mature form. Its modifications specialize in one or t e 
other of these two functions. By loss of tentacles, mouth, and repro- 
ductive capacity, the medusoid type may become a purely locomotory 
bell or may be still more modified into a float. On the other hand by 
gradual degeneration of all structure, the medusoid form comes to sene 
only for the ripening of the sex cells and ceases to have any independent 

life. . * 

The Cnidaria are animals of the tissue grade of construction. Ana- 
tomically they consist essentially of tissues with no formation of organs 
except for the somewhat complex sense organs of medusae. The principa 
tissues of coelenterates are epithelial, muscular, and nervous. The body 
is composed fundamentally of two epithelia, an outer epidermis o. 
ectodermal origin and an inner gastrodermis of entodermal origin (Fig, 
106D). The muscle fibers and nervous tissue occur in the bases of the 
two epithelia and between the latter is found as a rule some sort of com 

nective tissue. 

2. Histology. — The epidermis (“ectoderm”) is generally cellular but 
may be syncytial (Fig. 107). In the former case it consists of epithelial 
cells (Fig. 107A), also termed supporting cells (“Deckzellen” or covering 
cells in German), which are usually cuboidal or columnar (Fig. 107 C—H) 
but ma y be very thin and flat as on the exumbrellar surface of medusae or 
extremely slender and elongated as in anemones (Fig. 107J). Their 
outer ends frequentlj r bear a layer of granules and may secrete a cuticle or 
may be ciliated as in anemones (Fig. 10/ J) or flagellated 1 as in some 
medusae (Fig. 109G). The cytoplasm generally consists of strands with 



on coelenterates usually fail to distinguish between cilia and flagella; 
apparently flag ella are rather common in coelenterates and cells and epithelia called 
ciliated are often really flagellated. In this chapter cells will be spoken of as flagel- 
lated when known to be so; otherwise the term ciliated will be employed. , 


of hydra. (After Gdei t 1924.) E-H. Cross sections of different regions of hydra; E , 
through the hypostome, showing gastrodermal gland cells; F, through the stomach region, 
showing enzymatic gland cells; G, through the stalk region, with very vacuolated gastro- 
dermis; H, through the pedal disk with epidermal gland cells. /. Epidermis and con- 
nective-tissue layer of an anemone, from slide. ( Courtesy of A. E . Goligher .) K. Epithelio- 
muscular cells with striated muscle base from the epidermis of the tentacles of the medusa 
Lizzia . (After the Hertwigs, 1879.) 1, muscular base; 2, two types of gland cells; 3, epi- 

thelionutritive cells of gastrodermis; 4, muscle bases of same; 5, muscle bases of epidermal 
cells; 6, epidermis; 7, nematocysts ; 8, interstitial cells; 9, granular border of epidermis; 
10, types of enzymatic cells of gastrodermis; 11, food vacuoles; 12. supporting fibrils; 
13, myoneme of muscular base; 14, epidermal gland cells of pedal disk of hydra; 15, ciliated 
epidermal cells of anemone; 16, pseud opodial bases of same; 17, mucous gland cells; 18, 
connective-tissue layer; 19, ganglion cells of epidermis. 
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fluid-filled spaces between (Fig. 107D). Cell walls are often obscure, and 
in some coelenterates the epidermis is syncytial. The bases of the epi- 
dermal cells reach the mesogloea, to which they are fastened by pseudo- 
podial processes (Fig. 107 J). In the epidermis of the exposed parts of 
hydroid polyps and in that of hydroid medusae except the exumbrellar 
surface, the cell bases are drawn out into two or more long strands 
(Fig. 1071?) that run in a longitudinal direction just external to or 
embedded in the mesogloea and contain a contractile fiber or myoneme 
(Figs. 107Z), 108 H, and 109 H). Supporting cells of this type are called 
epitheliomuscular cells. In the hydras there are always two such basal 
strands opposite each other with a myoneme extending through them and 
through the cell base (Fig. 107D). In some Trachylina, and most 
Scyphozoa and Anthozoa, the bases of the epidermal cells are amply 
amoeboid and lack contractile extensions (Fig. 107J). Fibrils believed 
to lend stiffness and elasticity have been found by Gelei (1924) in the 
epitheliomuscular cells of hydra (Fig. 107D), especially those of the 
gonads. 

The epidermis of tentacles and oral regions always contains an 
abundance of nematocysts, which with their attendant cnidoblasts are 
embedded in the supporting cells. Nematocysts also occur in fair 
numbers in the epidermis of the column or stem of n a k ed polypoid forms 
and often in the exumbrellar epidermis of medusae, frequently in wart-like 
clusters or ascending tracts. 

Gland cells are frequent in the epidermis of tentacles, oral regions, and 
the pedal disk (Fig. 107/f), and in anthozoans also in the pharynx and 
exposed parts of the column (Fig. 107 J). The epidermis of the pedal 
disk of hydras consists wholly of gland cells (Fig. 107 H) that have 
muscular basal extensions (hence properly termed gland ulomuscular cells). 
In the epidermis of the pedal disk of anemones, supporting cells are 
scattered among the numerous gland cells. The epidermal gland cells 
are usually of the mucous type, filled with coarse granules before discharge, 
a network after discharge. The slimy or sticky secretion serves for 
attachment, protection, entanglement of prey and debris, etc. The 
second type of coelenterate gland cell, the granular type ( EiweisszeOen of 
German writers), filled with finer granules or a network, is sparingly 
present in the surface epidermis although common in the pharyngeal 

fining (Fig. 185D). 

As already mentioned the bases of the epidermal cells m some 
coelenterates are drawn out into longitudinal muscular strands (Figs- 
107B D and 109/7) which must be thought of as somewhat irregular in 
shape and arrangement (Fig. 11 2D). In the remaining coelenterates 
(Trachylina, Scyphozoa, and Anthozoa) the epidermal muscle libers 
usually consist of independent fibers (Fig. 108B, O that are completely 
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(Fig 108B, C). In either the epithelial or independent type o 

Z fibers may be fastened to the surface of scallops or folds of 

mesogloea (Fig 109G) and so enormously increased in number, an t e 
Sndenfmuscle cells may even sink completely into the mesogloea as 
bun^es consisting of a mesogloeal core coated with a layer of muscle 
fibers (Figs. 109C and 162 E). The muscle fibers of polypoid coelenterates 
^ geneSly smooth but in many medusae the circular fibers of velum 
^d subumbrella are cross-striated (Figs. 107* and 109 H) and of com- 

in ^nd. - ***** ^ 

regions, where they may be interspersed singly between the supporting 
cells (Fig. 108J) or may form, as frequently in medusae, who e pa c s 
of sensory epithelium composed chiefly of sensory cells with some support- 
ing cells among them (Fig. 109.4). The sensory cells of coelenterates are 
all of the sensory nerve type (page 279), i.e., they are really ganglion 
cells. They are very elongated cells, smooth or with vancose enlarge- 
ments, and terminate at or just below the surface in a point or a bulb or 
one or more bristles or long motile processes resembling flagella (Fig. 
109B, E, F ). The nucleus occupies a central or basal enlargement. The 
base of the sensory cells continues into one or more fine fibrils, often beset 
with varicosities and usually branched; they pass into the general nerve 
plexus. These sensory nerve cells, sometimes called palpocds, presum- 
ably serve as general receptors for touch, temperature, chemical qualities, 
etc., and do not seem to be morphologically differentiated among them- 
selves for these various functions, although in some coelenterates the 
sense cells of different body parts differ considerably. F ree nerve endings 
having sensory functions and coming from subepithelial sensorj ganglion 
cells have been described for some coelenterates as reaching the surface 
between the supporting cells; but other workers deny their presence. 

The nerve cells, generally called ganglion cells, resemble those of 
higher animals, being bipolar with two neuritcs or multipolar with three 
or more neurites (Figs. 109<? and 112.4, C). The neurites form slender, 
often varicose, threads and are not polarized or differentiated into axon 
and dendrites; they conduct functional impulses in either direction. The 
epidermal nerve cells are located near the mesogloea and the basal ends 
of the supporting cells pass through the meshes formed by the neurites 

(Fig. 109(7, G). 

Between or in the supporting cells occur small rounded cells, usually 
in clumps, the interstitial or indifferent cells (Fig. 107F. F), which probably 
should be regarded as a sort of mesenchyme. They are believed to be 
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undifferentiated emb^onic cells, similar ^ the archaeoc^ 
sponges? They arise early in development by the division of ectoderm 
and entoderm cells, secrete the nematocysts, transform into sex _ 

Other tvoes of cells and participate in budding and reparatne proce^e.. 

^ compose! /.h*. strata: an outer wide stratum 

Sne^ost. muscle stratum, next to or embedded in the s-jMJ 
109(7, G). This stratification is very evident m some coelenterat 

notably the Anthozoa, but exists in all and foreshadows the 

higher animals, especially if we consider the interstitial cells to constitute 

a kind of connective tissue. . ^ 

The gastrodermis (“entoderm”) has much the same construction to 

the epidermis. It consists mainly of large euboidal or columnar epitheha 

cells (Fig. 10 7E-H) called nutritive cells, or nutritive-muscular cells 

when their bases are drawn out into extensions containing a myoneme 

(Fig. 108F, F, G). The gastrodermis is markedly columnar and often 

thrown into folds in those regions where digestion occurs but elsev here 

tends to a flattened form. Its cells are generally highly vacuolated and 

in digestive regions their free ends are filled with food vacuoles and 

indigestible food remnants (Fig. 107 F). The free tips of the nutritive 

cells bear flagella (Fig. 108F-G), usually two in number, which in older 

accounts are said to be of pseudopodial nature and readily withdrawn 

and reformed. Burch (1928), however, finds that they are typical 

flagella with basal bodies. Throughout polypoid coelenterates the bases 

of the nutritive cells are drawn out into contractile extensions that run in 

a circular direction next to the mesogloea. In medusoid form, the 

gastrodermis usually lacks muscular extensions or a muscular layer, but 

in Anthozoa the gastrodermal muscles are more strongly developed than 

the epidermal ones and run in both circular and longitudinal directions 

Although gastrodermal muscle fibers are nearly always parts of the 

gastrodermal cells, they may in Anthozoa separate as independent fibers 

and in either case may be adherent to folds or plates of mesogloea. 

The gastrodermis contains gland and sensory cells similar to those of 

the epidermis. Near the mouth, gland cells of the mucous type are very 


epidermal muscle cell of Carmarina (Trachymedusae) with several striated muscle bases. 
(After Krazinzka, 1914.) E. Gastrodermal nutritive-muscular cells with muscle bases, 
contracted and extended, from the tentacles of the anemone Sagartxa. F. Nutritive- 
muscular cell with basal myoneme, and adjacent gastrodermal sensory cell of hydra. 
(After Hadzi , 1909.) G. Gastrodermal, and H. epidermal epitheliomuseular cells with 
basal myonemes, tentacles of Cerianthus. J. Epidermis of the oral disk of hydra, showing 
sensory nerve cells and ganglion cells of the epidermal nerve net. (After Hadzi, 1909.) 
(£, C, E t G, H after the Herturigz, 1879.) 1, epidermis; 2. laj~er of muscle bases: 3, gaatro- 

dermis; 4, gland cells; 5, myoneme: 6, sensory nerve cell; 7, ganglion cells. 



Fig. 1 09. — Coelenterate hietology (continued) . A. Sensory 
on the rhopalium of Rhizostoma (Scyphozoa). (After Hesse , 1895.) - p , . ^ 

anemone tentacle. C. Cross section of an anemone! 

bundles in the fibrous layer. D. CoUenchyme of the Burch* 

showing cells and fibers. E. A gastrodennal sensory nerve cell of ^ y p^ f J^^ ertwig ^ 

w-' a •> - - 
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abundant (Figs. 107F and 108A) and may as in the hydras crowd the 
nutritive-muscular cells to a basal position. They are elongated cel s 
with conical free ends containing the nucleus and secretion granules and 
a slender base reaching the mesogloea (Fig. 107F, F). They are often 
of two types, a more slender, dark type containing granules and a broader, 
paler type filled with a network (Fig. 107F, F) ; but these may represent 
different secretion phases of the same kind of gland cells. These mucous 
cells of the oral gastrodermis are said to be flagellated and to have muscu- 
lar basal extensions. Their secretion presumably assists in the swallow- 
ing of food. In digestive regions the gastrodermis is liberally sprinkled 
with gland cells of the granular type (Fig. 107F), believed to secrete 
digestive enzymes. These again taper from a broad free end, which may 
be flagellated, to a slender base, which may or may not reach the meso- 
gloea. Often these enzymatic gland cells also appear to be of two sorts, a 
darker granular type and a lighter type with a net-like interior. It is 
highly probable that some of the presumed gland cells of coelenterates 

are really storage cells. 

Sensory cells similar in appearance to those of the epidermis are not 
uncommon in the gastrodermis (Fig. 108 F). Nematocysts are absent 
from the general gastrodermis but thickly crowded in certain special 
structures found in the gastrovascular cavity of Scyphozoa and Anthozoa: 
the gastric filaments, the septal filaments, and the acontia. Interstitial 
cells occur sparingly between the bases of the nutritive cells, and in the 
same location a nerve net, usually less developed than that of the epi- 
dermis, may be present. The gastrodermis often contains symbiotic 
cells, sometimes zoochlorellae as in the green hydra, more often zooxanthel- 
lae or “yellow cells”; the latter are especially abundant in corals and 
anemones. 

Between epidermis and gastrodermis lies the mesogloea, so different 
in the various classes that more exact terms should be employed for it. 
In hydrozoan polyps it is devoid of cells or fibers and consists of a thin 
gelatinous membrane for which w’e may suggest the name mesolameUa. 
In medusae, the mesogloea, resembling gelatin, constitutes the bulk of the 
animal. It is devoid or nearly so of cellular elements in hydromedusae, 
although crossed by fibers of unkn own origin. For such a noncellular 
gelatinous material, the name mesogloea seems really appropriate. The 
mesogloea of scyphomedusae contains fibers and scattered amoeboid 
cells (Fig. 109D) and hence is more correctly termed a collenchyme. In 
all medusae, a mesolamella separates the general mass of the mesogloea 
from both epidermis and gastrodermis. The mesogloea reaches its 

after Krastnska, 1914.) 1, sensory nerve cells: 2, sensory hairs of same; 3, epidermal cells 

between the sensory cells; 4 t epidermis; 5, nematocysts of same; 6, epidermal nerve net; 
7, muscle bundles; 8, fibrous layer; 9, gastrodermis; 10. flagella of epidermis; 11, gland 
tells; 12. muscle fibers. 
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highest differentiation in the Ant’nozoa, where it is always cellular and 
varies from a mesenchyme consisting of stellate amoeboid cells embedded 
in a jelly to a fibrous connective tissue (Fig. 107 J) often made of several 
layers of fibers coursing in different directions, among which are dispersed 
amoebocytes and connective-tissue cells. 

According to the old data of Krukenberg, the mesogloea of medusae 
( Aequorea , Rhizostoma ) yields neither gelatin nor mucin and thus is 
chemically unrelated to connective tissue. The term gelatinous as 
applied to medusae is then to be taken in a purely descriptive sense. 
Entire medusae ( Rhizostoma , Aurelia, Chrysaora) were found to contain 
95 to 96 per cent water (not 99.8 per cent as sometimes stated). Teissier 
(1932) records 96.5 per cent water for Chrysaora and the author found 
around 96.5 per cent for a variety of medusae. In Cassiopeia, the water 
content of the jelly is 94.6 per cent, of the cellular parts, 93.8 per cent 
(Hatai). The water content of medusae is somewhat dependent on that 
of the surrounding medium. The data just given apply to sea water of 
typical salinity and indicate that under such conditions the water content 
is 94 to 96.5 per cent. In very brackish water, however, with a salt 
content of less than half that of typical sea water, the water content 
may rise to 98 per cent (Thill). The solid material of the jelly 
consists chiefly of salts with probably less than 1 per cent of organic 
material, mostly protein. From the low nitrogen content of this protein, 
Hatai suspects that it is chitin. 

3. The Nematocysts. — These remarkable structures, also called 
stinging cells and nettle cells, are diagnostic of the Cnidaria. They are not 
cells, but cell organoids and are probably composed of a substance 
similar to chitin. They are spherical, oval, pyriform, or elongated 
capsules, generally rounded at one end, narrowed or pointed at the other, 
containing a coiled tube (usually called “thread”) that is fastened to 
the narrower end and is there continuous with the capsule wall. This 
attached end of the tube is covered by a little lid or operculum. There 
are two sorts of nematocysts, the spirocysts and the nematocysts proper. 
T*fre spirocysts, limited to the Zoantharia, have thin single-walled cap- 
sules, stain with acid dyes, are permeable to water, and contain a long 
spirally coiled unarmed tube of even diameter (Fig. HO B, C). The 
nematocysts proper, found throughout the phylum, have thick double- 
walled capsules, stain with basic dyes, are impermeable to water except 
at discharge, and contain a tube of varied length and construction usually 
armed at least in part by spiral rows of thorns. Both spirocysts and 
nematocysts discharge by the eversion (turning inside out) of the tube 

to the exterior. 

The spirocysts are all alike, but the nematocysts occur in numerous 
varieties whose characteristics have been intensively studied in recent 
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years by R. Weill. He has recognized seventeen different types of 
nematocys ts, based on the characters of the discharged tube. The tube 
may be a slender filament of the same diameter throughout, or its basal 
portion may be enlarged into a long or short cylinder, here called butt (as 
the nearest English equivalent of Weill’s term hampe). The tube may 
consist only of this butt or may continue beyond the butt as a slender 
“thread.” The butt may present a swollen enlargement either distally 
or proximally. The tube always bears on its outer surface three spiral 
ridges that spiral in a clockwise direction if one looks along the tube from 
the capsular end. Commonly a row of spines or thorns is mounted on 
each ridge for part or the whole extent of the tube. These spines may 
be of the same size throughout the tube or larger on the butt or on the 
swellings of the butt. In some types of nematoeysts only the butt is 
armed with spines, in others the spines are limited to the tube beyond 
the butt. Presumably the type of nematocyst with a slender tube 
of even diameter throughout and armed along its whole length with 
three spiral rows of equal small spines represents the original kind from 
which varieties with a butt or swelling or unequal size or distribution 
of spines have been derived. 

In undischarged capsules, the tube is usually definitely arranged 
inside, and this arrangement as well as the features of the discharged 
tube may serve as a taxonomic character. The butt when present 
appears as a central rod in the interior of the undischarged capsule, more 
or less encircled by the coils of the remaining more slender portion of the 
tube. Since the tube turns inside out on discharge, the armature in 
the unexploded state is found on its inner surface and is usually not 
noticeable unless the spines are large. 

Weill's classification of nematoeysts, based on a study of 119 species 
belonging to all groups of coelenterates, should prove highly valuable, 
despite the somewhat formidable names. We here give his main 
categories : 


L Tube closed at the end. 

1. Rhopalonemes , tube an elongated sac (Fig. 110.4). 

2. Desmonemes, tube thread-like, forming a coil like a corkscrew, also called 
volvents (Fig. 110D, H). 

IL Tube open at the tip, without a butt (haplonemes). 

A. Tube of the same diameter throughout, isorhizas, also called glutinants. 

3. Holoirichous isorhizas , tube spiny throughout (Fig. 11GF, K). 

4. Atrichaus isorhizas , tube devoid of spines (Fig. 110F, L). 

5. Basiirichous isorhizas , tube spiny at base only. 

B. Tube slightly dilated toward the base, anisarhizas (Fig. 1 105). 

6. H omotrichous aru&orhtzas , spiny throughout, spines equal 

7. Heierotrichous anisorhizax, spiny throughout, spines larger at base 
(Fig. H05). 
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III. Tube open at tip with a definite butt (heteronemes) . 

A. Butt cylindrical, of the same diameter throughout (rhabdoids). 

8. Microbasic mastigophores r tube continued beyond the butt, butt not 

more than three times the capsule length (Fig. 1 1071. 

9. Macrobasic mastigophores , as 8, butt four or more times the capsule 

length (Fig. 110Q). u , 

10. Microbasic amasiigophores t no tube beyond the butt, butt short as in 

8 (Fig. 110 xV). 

11. Macrobasic amasligophores , no tube beyond butt, butt long as in 9. 

B. Butt dilated at the summit, euryteles. 

12. Homotrichous microbasic euryteles , butt short, spines of butt of equal 

size (Fig. 1100). 

13. Heterotrichous microbasic euryteles , butt short, spines unequal on butt 

(Fig. 110P). 

14. Teiotrichous macrobasic euryteles , butt long, with only distal spines 

(Fig. HOP). 

15. Merotrichous macrobasic euryteles , butt long, spines elsewhere than at 

the ends. 

C. Butt dilated at its base. 

16. 1 Stenoteles , also called penetrants (Fig. 110(7, M). 


Rhopalonemes occur only in the Siphonophora. The desmonemes 
or volvents are found in the hydras, the tubularian hydroids, and some 
siphonophores. The thick tube on discharge forms a close coil of several 
turns (five in the hydras) and is employed chiefly in wrapping around 
bristles (Fig. Ill#) or other projecting parts of the prey. Minute 
thorns (Fig. 110/7, J) occur on the inner side of the coil. In all the other 
sorts of nematocysts, the tube is open at the tip and is believed to inject 
a paralyzing substance into the prey. The isorhizas that discharge a 
simple long slender tube armed or not with spiral rows of spines, often 
difficult to see, are of wide occurrence, found in hydras, other hydroids, 
medusae, corals, and anemones. Atrichous isorhizas without spines are 


characteristic 


and basitrichous isorhizas with basal spines are of common occurrence in 


recognizes tw 
nematocysts 


Fig. 110. — Nematocyst types. A. Rhopaloneme of Diphyes (Siphonophora). B. 
Spirocyst of an anemone, from life. C. Same, unraveling (not discharged). D-M. The 
nematocysts of hydra ( Hydra littoralis), from life: D~G t undischarged; D t desmoneme; B , 
atrichous hydrorhisa; F, holotrichous isorhisa; (7, stenotele inside it a cnidoblast; H-M t 
same, discharged; H , desmoneme seen from end view showing spiral of thorns; J, dee- 
moneme seen from the side; K, holotrichous isorhua; L, atrichous isorhisa; .V. stenotele. 

A amast * g0p hore of the anemone Sogortia. 0. Homotrichous microbasic 
eurytele of Pterodasa (Antbomedusae) . P. Heterotrichous microbasic eurytele of Ruden- 

f a< I°^ SIC ma3ti «°P hore of MUlepora. R. Teiotrichous macrobasic eurytele 

or rterocUna. S . Heterotrichous anisorhixa of Tubularia. T. Microbasic mastigophore 

of an anemone, from life. (A and NS, after WeOl . 1934. A line at the top indicates that 
6^ tUl ^ 13 Sh ° Wn ‘ ) capeule; 2 - tube i 3 - butt ’ 4 - cnidoblast; 5, its nucleus; 
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hydroids and anemones. The mastigophores in which there is a spiny 
cylindrical butt followed by a slender tube are typical of anemones, 
zoanthids, and corals, especially the microbasic variety. The amastigo- 
phores, differing in the absence of a tube beyond the butt, have the general 
appearance of a bottle brush and are very characteristic of anemones. 
The euryteles, with a bulbous swelling at the distal end of the butt, occur 
in the tubularian hydroids, the Trachymedusae, and the Scyphozoa. The 
microbasic heterotrichous sort is the most common. The stenotele, or 
penetrant, is the best-known type of nematocyst, co mm only figured in 
textbooks. It has a relatively large rounded or oval capsule with an 
obvious lid, a short stout butt about the same length as the capsule, 


and a long slender tube bearing spirals of small spines. The butt consists 
of a basal swelling devoid of spines and a distal section bearing three 
spiral rows of thorns, of which the lowermost one is large and conspicuous 
and termed a stylet. The stenoteles are limited to the class Hydrozoa 
where they are found in the hydras and other tubularian hydroids, the 

Milleporina, and the Siphonophora. 

The complicated structure of nematocysts is all the more astounding 

when their minute size is considered. Most capsules range between 
5 and 50 mu in length and discharge a tube so fine that the details of the 
spination are often very difficult to ascertain. Larger capsules occur in 
anemones, corals, and siphonophores. Weill (1934) reports a length of 
0.25 mm. for the capsules of the anemone Adinotryx, and Iwanzoff 
(1896) found the capsules of the siphonophore Halistemma to reach a 
length of 1.12 mm., the largest nematocysts known. Such big nemato- 
cysts discharge a tube several millimeters long. . 

The nematocysts are all of one single sort in the Trachylina, the 

Stylasterina, and some forms scattered in other groups. Other coelenter- 
ates have two to four kinds of nematocysts (even five or six in siphono- 
phores). and different types may be found in different stages of the life 
cycle The hvdras (Fig. 110 D-M) all have four kinds of nematocysts 
(desmonemes, stenoteles, holotrichous isorhizas, and atnehous isorhizasb 
When two or more kinds are present, some types are often more abundant 
than others, and frequently particular sorts are limited to specffic loc - 
tions in the body, or the various types may be grouped m more or less 
definite patterns. The studies of Weill have proved the great vaffie of 
the nematocyst tube as a taxonomic character and as an aulm dete 
mining relationships between coelenterate groups and genera. Since 

are found to have similar or identical nematocyst types, it foUown tha 
nematocyst characters may be utilized to establish relationships in 

- y Various examples of the application of this principle will 


doubtful cases, 
appear in the following pages 
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The nematocysts are formed inside interstitial cells, which are then 
termed cnidoblasts or nematocytes. Because of the minute size of the 
forming nematocysts as well as other difficulties, the process is not 
thoroughly understood. The inner wall of the capsule is secreted inside 
a vacuole that appears in the interior of the cnidoblast, and the outer 
wall is added later by the cnidoblast. Inside the capsule an elongated 
body appears, and this differentiates into the tube; the former belief that 
the tube developed outside the capsule and was later invaginated into 
the capsule is erroneous (Weill^ Meantime the cnidoblast itself under- 
goes a remarkable differentiation. It becomes fixed in the epidermis by 
a slender stalk (branched in Carmarina ) reaching the mesogloea (Fig. 
Ill B-E). Its distal part contains the nematocyst, so oriented that the 
end of discharge lies near the free surface of the cnidoblast. From this 
surface near the tip of the nematocyst projects a bristle, the cnidocil, 
set in a crater-like elevation often encircled by stiff rods (Fig. 111.4-C). 
The cnidocils vary in length with different types of nematocysts. In 
the periphery of the cnidoblast there usually occurs a circlet of stiff rods 
probably of a supporting nature and also in many cases a circlet or 
basketwork of often sinuous fibrils (Fig. 111.4-C), which extend down 
the stalk of the cnidoblast to terminate on the mesogloea or to unite 
to a single fiber so fastened. In the stenoteles of hydras a similar coiled 
fiber has been termed the “lasso.” Many investigators consider this 
system of fibrils to be contractile, and it is certain that they are of this 
nature in some coelenterates, as Physalia. 

Nematocysts commonly develop in regions distant from those where 
they are to be utilized. Thus the tentacular nematocysts of hydroids 
originate in interstitial cells of the hydranth body or stem. In medusae 
the basal enlargements of the tentacles are regular sites of nematocyst 
formation. The cnidoblasts containing developing nematocysts then 
migrate by amoeboid movements or are passively transported through the 
body wall or by way of the gastro vascular cavity to their final situations, 
being able to traverse the mesolamella. The differentiation of the 
cnidoblast is completed after the final location is attained. 


" Nematocysts arejjost abundant on tentacles where they are usually 
grouped on warts, knobs, and circular or spiral ridges. In some medusae 
of the family Cladonemidae the tentacles bear cnidophores, contractile 
stalks having an enlarged hollow tip filled with nematocysts (Fig. 1 1 1GQ. 
In hydras and some other hydroid polyps, the nematocysts of the tentacles 
occur in groups known as batteries. Each battery consists of one or 
two stenoteles encircled by a number of desmonemes and isorhizas and 
is enclosed within a single epidermal cell (Fig. Ill F). Nematocysts are 
also quite abundant in the epidermis of the oral region but diminish 
iasally, being scanty or absent in aboral regions and absent where the 
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body is covered by exoskeleton. They are extremely abundant on 
internal tentacle-like structures: the gastric filaments, the septal fila- 
ments, and the acontia. 

The discharge or explosion is believed to result from the proper 
stimulation of the cnidocil, in nature by the touching of the cnidocil by 
food, prey, or enemy animals. Both chemical and mechanical factors 
appear to be involved. In hydra, the juice of Daphnia will not discharge 
the nematocysts (Zick) and in anemones filtered extract of fish skin is 
but mildly effective (Parker). Most coelenterates react to and swallow 
pieces of animal flesh or objects soaked in animal juice, but it is not clear 
whether the nematocysts are discharged to such objects. It is stated, 
however, that the nematocysts of anemones discharge to pieces cut from 
other species of anemones but not to pieces of the same species. Other 
facts indicate that mechanical factors are involved in the stimulation, 
although touching the cnidocils with a glass rod or other object evokes 
little or no discharge. Certain nematocysts (desmonemes) are said to 
discharge only to bristly prey, others only to smooth surfaces. In 
hydras, the nematocysts are not stimulated by the commensal ciliates 
( Kerona , Trichodina ) , which run about on the surface and can be seen to 
bend the cnidocils, but do discharge to other ciliates of similar or even 
smaller size (Zick). Apparently the cnidocils react primarily to the 
general mechanical features of objects as texture and shape and second- 
arily to their chemical emanations. Neither idea, however, explains the 
fact that when coelenterates are satiated with food the nematocysts 
apparently fail to explode against the usual food animals. This fact 
together with some of those just cited have led some authors to postulate 
a nervous factor in the discharge. Some workers have described nerve 
endings embracing the nematocyst or an intimate association of sensory 
cells with nematocysts, but others have failed to find such nervous 
connections. Further, discharge is strictly local, limited to the region 
directly stimulated and not transmitted to other regions. Parker’s 
observation that the nematocysts of completely anesthetized anemones 
discharge as usual indicates an independence of nervous control; but in 
Physalia, where a contraction of the cnidoblast is involved in the dis- 
charge, anesthesia inh ibits discharge. On the whole, the mechanism of 
the explosion appears to be nonnervous. Nematocysts isolated from 
their cnidoblasts do not discharge to natural stimuli (although they can 
be exploded artificially), and consequently in nature the stimulus is 
transmitted directly from the cnidocil to the cnidoblast, which then 
effects some change in the capsular wall. 

At discharge, the lid springs open and the tube turns inside out; its 
base, being continuous with the capsule wall, emerges first, and the rest 
then follows from base to tip. As the tube everts, the spines unfold to 
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the outside. In most cases there also issue spiral bands of an adhesive 
substance (visible only after staining), which swells in water. Nemato- 
cysts can be used only once and after discharge are cast off. 

The mechanism of the discharge is uncertain, although evidently the 
immediate factor is an increased pressure inside the capsule, forcing the 
tube out. According to the oldest and most acceptable theory (Iwanzoff, 
1896), this increased pressure results from the passage of water into the 
capsule, augmenting the contents or possibly causing the swelling of a 
contained colloid. That the surrounding fluid does enter the capsule on 
discharge can be proved by using colored solutions (e.g., vital dyes) as 
agents. Further, discharge takes place only in a fluid medium. As the 
capsules are normally impermeable to water, the stimulation received 
from cnidoeil and enidoblast must act by increasing the permeability of 
the capsular wall. Iwanzoff’s theory is supported by experiments in 
artificially discharging the capsules (Glaser and Sparrow, 1909; Weill, 
1934). Among effective agents may be listed mechanical agitation, 
uneven pressure, heat, electricity, dilute acids and bases, vital dyes, and 
dilute solutions or distilled water following more concentrated solutions. 
Such agents act by injuring the capsule wall, by penetrating directly as 
in the case of acids and bases, or by a simple osmotic action, in any case 


involving penetration of fluid into the capsule. Solutions such as 
glycerin, xylol, formalin, absolute alcohol, chloroform, and hypertonic 
solutions are without effect. A second theory attributes the discharge 
to the contraction of the fibrillar elements, assumed to be muscular, seen 
in the enidoblast. This factor apparently operates in some cases, as in 
Physalia (G. H. Parker), but the fibrillar systems observed in many 
nematoevsts are not definitely known to be contractile. A third theory, 
that of Will (1914), grants the initiation of the discharge by water intake 
but assigns the completion of the discharge to the swelling of the adhesive 
material seen clinging to the everted tube. The mechanics of this theory 
are obscure, and it has gained little acceptance. Intake of water into the 
capsule plus the assistance in some cases of a enidoblast contraction is 
the most satisfactory theory on present facts. The discharge of spirocysts 
is not understood, as these are normally permeable to water and do no 
explode on treatments effective with nematocysts; in fact it appeals tha 
the natural discharge has never been witnessed, and consequently the 


function of spirocysts is enigmatical. 

Different types of nematocysts apparently serve different purposes. 

Thus the types with closed ends, as rhopalonemes and desmonemes, can 

evidentlv act onlv for holding prey (Fig. Ill H). The atnebous isorhiz 

Of hvdra are adhesive, acting to attach the tentacles tn locomotto^but 

wUh aTopen tube and a strong armature of spines such as the masttg- 
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ophores, amastigophores, euryteles, and above all the stenoteles seem 
adapted for penetration and anchorage in the tissues of prey animals. 
Direct observation has shown that the tube may penetrate for some dis- 
tance into soft tissues and can pass through chitinous armor. The 
capsular contents are ejected from the open tip of the tube. VS eill was 
unable to demonstrate any definite change of volume of the nematocyst 

on discharge. , 

The nature of the material ejected from the nematocyst tube is 

unkn own. It is obviously toxic in the majority of nematocysts, hating 
a paralyzing action on the prey and in some cases evoking a burning 
sensation in the human skin. A number of studies have been made o 
the physiological action of extracts of coelenterate tentacles and acontia. 
Different results have been obtained with different methods of extrac- 
tion. Thus watery extracts of the tentacles of Physalia, V elella, medusae 
and anemones induce somnolence, anesthesia, and death in small experi- 
mental animals. Ingestion of dried Physalia tentacles is said to be fatal 
to small vertebrates. This anesthetizing toxin has been named hypno- 
toxin. Alcoholic extracts of nematoeyst-bearing parts of anemones 
produce another set of symptoms — extreme itching and skin irritation 
in small doses, severe digestive disturbances, prostration, and death in 
larger doses. The supposed substance having this action was named 
thalassin by its discoverer (Richet, 1902). Still a third group of symp- 
toms, ascribed to a substance congestin, has been obtained from glycerin 
extracts of anemone tentacles, consisting of extreme congestion of the 
digestive tract with severe digestive disturbances, and death from 
respiratory interference. These toxins appear to be proteins or mixtures 
of proteins, 1 and congestin, at least, yields a typical anaphylactic reaction, 
i.e., light doses become fatal if injected at a 2- to 3-week interval. That 
an immunity can also be established to these poisons is indicated in the 
case of the anemone Adamsia and the hermit crab to which it regularly 
attaches (Fig. 195A). Extracts of the tentacles and acontia of Adamsia 
cause tetany and death in the decapod Crustacea on which Adamsia 
regularly feeds, including members of the same genus as the commensal 
hermit crab; but the latter is entirely immune to the poison, probably 
through having eaten nematocyst-containing fragments dropped by the 
anemone. Furthermore, the body fluid of immune crabs can confer 
immunity on other Crustacea and can neutralize the toxin. Finally 
may be mentioned tetramine (tetramethylammonium hydroxide), 
which has been extracted from anemones, probably coming from their 
nematocysts, and which acts like curare, paralyzing motor-nerve endings. 

On the whole it must be concluded that the nature of the nematocyst 
toxin is unknown, since the extracts mentioned above included tissues 

1 The statement often seen that the nematocyst poison is formic acid has no basis. 
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as well as nematoeysts, and this may account for their protein nature and 
reactions. Cantacuzene has recently stated (1934) that extracts of 
Adamsia acontia retain their toxic properties after deproteinization. 

The “sting” of the majority of the coelenterates is not perceptible 
to man. This is especially true of the Hydrozoa, which may be handled 
with impunity, except the Milleporina and the Siphonophora, and also 
applies to most Anthozoa. The millepores and some corals and gorgo- 
nians produce a stinging sensation of short duration, and the sponge 
divers of the Mediterranean suffer much from skin lesions and deep 
wounds of the hands caused by an anemone that lives among the sponges. 
Some siphonophores are very dangerous, and members of this group 
should not be handled. Most Scyphozoa are harmful and should be 
approached with caution. Cyanea, a common jellyfish of American 
shores, produces a burning sensation. The most dangerous Scyphozoa 
are Dactylometra and Chirapsalmus, inhabitants of warmer waters, 
whose sting can cause very serious illness and even death. Probably the 
most dangerous coelenterate is the siphonophore Physalia (Portuguese 
man-of-war) whose long trailing tentacles can inflict severe pain. The 
injury from these last three coelenterates ranges from a burning pain at 
the site of contact with the tentacles through skin lesions and eruptions 
of various sorts, often severe enough to leave scars, to general great pain, 
fever, prostration, and respiratory interference. It is highly probable 
that the serious syndrome sometimes resulting from coelenterate stings 
is actually anaphylactic shock in cases where the victim may have been 
stung on previous occasions by the same species or may be peculiarly 


sensitive to the proteins involved. 

4. Digestion. — The main features of the digestive system were already 

considered. It is an epithelial sac, simple or more or less subdivided by 

septa in polyp types, consisting of a central stomach and radiating 

canals joining a marginal canal in medusoid types. In Scyphozoa the 

septa bear nematocyst-containing threads, the gastric filaments, and in 

Anthozoa the free edges of the septa are provided with a sinuous cord, 

the septal filament, beset with gland cells and nematoeysts. The gastro- 

vascular system is continuous throughout colonial forms. 

The phylum is strictly carnivorous; the food consists of living animals 

or bodies of animals that on coming in contact with the tentacles are held 
and paralyzed by the nematoeysts aided by adhesive secretions. If the 
prey is large or troublesome additional tentacles are brought into action. 

When the prey is subdued, the tentacles holding it shorten and bend toward 

the mouth, which opens widely to receive it; or in many cases the opened 
mouth also moves toward the food. The food grasped by the mouth nm 
is engulfed by ciliary or muscular action or both, aided by mucous sec 
tion from the pharynx or from the gastrodermis of the manubrium. 
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Some antbozoans, however, employ a mucous-ciliary method in which 
small food objects are entangled in mucous strands and conveyed to the 
mouth by ciliary action. The bodies of coelenterates are highly dis- 
tensible and surprisingly large objects can be swallowed. Coelenterates 
exercise considerable discrimination between food and other objects and 
even between different kinds of animal food; but some will accept non- 
nutritive bodies and most will take such when soaked in flesh juices. 
When satiated with food, coelenterates generally fail to react to addi- 
tional food or drop it after capture and often remain in a contracted 

state until digestion is completed. 

Digestion in the phylum is both extra- and intracellular. Extra- 
cellular digestion occurs in the main part of the gastro vascular cavity and 
is purely proteolytic. A protein-digesting enzyme of the nature of 
trypsin, acting in alkaline medium, is secreted into the cavity by the 
granular gland cells of the gastrodermis, in anthozoans primarily by those 
of the septal filaments. In some species it is stated that direct contact 
of the gastrodermis with the food is necessary for this preliminary diges- 
tion. By extracellular digestion the food is reduced to a sort of broth 
containing fragments and both fluid and fragments are then engulfed 
phagocytically into food vacuoles by the general gastrodermis. Intra- 
cellular digestion then proceeds in regular protozoan fashion; the contents 
of the vacuoles are first acid, then alkaline. In the vacuoles, the diges- 
tion of protein is completed by other types of proteolytic enzymes, fat 
is digested, and in some cases carbohydrates, but most coelenterates can- 
not digest starches. 

Digestion is often rapid; the fleshy parts of prey may be broken down 
in a few hours and the resulting broth completely engulfed by the ga<tro- 
dermis in 8 to 12 hours. Undigestible parts are then ejected through the 
mouth. Intracellular digestion within the gastrodermis requires a longer 
period, usually a few days. Excess food is stored in the gastrodermis 
chiefly as fat; glycogen may be stored without change. 

6. The Muscular System. — The coelenterates are the simplest 
Metazoa possessing a muscular system, since in sponges muscles occur 
only as localized groups of cells. We may therefore seek in coelenterates 
the most primitive state of the muscular system. This we find in 
hydroid polyps, where the muscular system consists of two cylinders of 
muscle fibers, an outer one of longitudinal fibers located at the base of 
the epidermis and an inner one of circular fibers at the base of the gastro- 
dermis. These must not be thought of as de fini te regular cylinders but 
as composed of short irregularly spaced strands, which anastomose to 
some extent (Fig. 112 IX). In hydroid polyps the fibers of both cylinders 
are parts of the epithelial cells. The transformation of the base of an 
epithelial cell into a contractile fibril is commonly regarded as the initial 
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step in the differentiation of a muscle cell, but in sponges cells transform 
directly into muscle cells without any such preliminary epithehomuscular 
stage. The longitudinal fibers contract the animal as a whole or, through 
local contraction, can bend the body or its parts in an} 7 direction, the 
circular fibers on contraction extend the animal or its parts and bring 
about peristaltic waves aiding in locomotion, food swallowing, etc. The 
system, simple as it is, suffices for the needs of sessile radial animals. 

The presence of longitudinal and circular muscle cylinders can be 
recognized throughout the phylum. In medusoid forms, the gastroder- 
mal cylinder is nearly or quite absent, and the regular epidermal c}linder 
is also reduced, being limited to longitudinal fibers in tentacles and 
manubrium, and radial fibers in the subumbrella. The principal mus- 
culature of medusae consists of extra epidermal muscle cells, which run 
in a circular direction in velum and subumbrella. In the Anthozoa, on 
the other hand, the epidermal system is reduced in most cases to fibers 
in tentacles and oral disk, while the regular gastrodermal layer is widely 
present and strengthened by the addition of highly developed longitudinal 
bands. As already noted (page 376) the muscle fibers in many Anthozoa 
and Scyphozoa have separated completely from the body epithelia as 
independent muscle cells. In these two groups also the muscle cells or 
fibers often depart from the simple cylindrical arrangement and instead 
may be festooned (Fig. 109G) on plates of mesogloea penetrating the 
epithelia or may sink into the mesogloea as bundles (Fig. 109C). 

In pedal and oral disks the epidermal fibers run in a radial direction, 
the gastrodermal fibers in a circular direction (Fig. 11 2D). 

6. Respiration. — The coelenterates are devoid of any special respira- 
tory mechanism. The thin wall and tentacular extensions undoubtedly 
facilitate respiratory exchange. Another assisting factor is the shifting 
of the gastro vascular contents by body movements and the flagellar beat 
of the gastrodermis. In at least some medusae regular flagellar currents 
flow along the canal system, and in many Anthozoa the interior is bathed 
by a stream of water passed inside by the ciliated siphonoglyph. In 
scyphozoans there are four deep pits indented into the subumbrella; it 
is generally supposed these serve a respirator} 7 function, although the 
grounds for this belief are obscure. So far as known the respiration of 
coelenterates is of the ordinary aerobic type, oxygen being taken up and 
carbon dioxide emitted. The respirator} 7 rate of medusae is very low, 



. n ;-“ Nervous and muscular systems. A. Epidermal ganglion-cell layer from the 
oral disk of an anemone, seen from the inner surface of the epidermis ( after the Hertwio s 
18/9) ; note lack of continuity of the neurites. B. Diagram of the nervous system of hydra 
(after Eadzx, 1909); the net-like connections are dubious. C. Ring arrangement of cpi- 
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but this results from their very small organic content. In anthozoans the 
rate is correlated with the degree of expansion, being low in the contracted 
state and increasing as the animal extends. Coelenterates in general 
require clean water of good oxygen content. 

7. Excretion. — The phylum in general lacks any special structures for 
the voiding of nitrogenous wastes. In some hydro- and scyphomedusae 
each radial canal opens near the tentacles by a pore probably excretory, 
since the adjacent gastrodermal cells contain granules possibly nitro- 
genous. In Aequorea (Fig. 121C) that had been fed on flesh mixed with 
carmine particles, the author saw long strands of carmine exuded from 
these pores, so that they also serve for the ejection of nonnutritive 
materials. In certain Siphonophora (Velella, Porpita , Fig. 154C, D), 
there occurs beneath the float a so-called liver, a mass permeated with 
gastrodermal canals (Fig. 155C) whose walls are filled with guanine 
crystals and so thought to be excretory. In anthozoans, the septal fila- 
ments and adjacent parts of the septa seem to have excretory functions, 
since they contain xanthine crystals, and injected dyes and carmine 
grains are subsequently fc.und in the sites mentioned. Yet in all these 
cases one is probably dealing merely with the limitation of the general 
secretory powers of the gastrodermis to certain locations. The transport 
of excretory matters to the exterior by granular amoeboid cells has been 
reported for Alcyonium and a number of hydroids. 

The form in which the nitrogenous wastes are excreted in coelenterates 
has been little studied. Urea, uric acid, creatine, and creatinine are 
generally stated to be absent, although some investigators report traces 
cf urea and uric acid in some anemones, and Myers (1920) found small 
amounts of urea, creatine, and creatinine in the fluid squeezed from the 
jelly of the scyphomedusa Phacellophora. The purine bases, xanthine 
and guanine, substances closely related to uric acid, seem to be of wide 
occurrence in the gastrodermis of coelenterates but are not necessarily 
waste matters. According to Putter, anemones excrete 77 to 100 per 
cent of their nitrogenous wastes as ammonia, and ammonia was also 
found in the medusa just mentioned. In general the power of forming 
urea and uric acid as end products of nitrogen metabolism seems to be 
lacking in the lower Metazoa, and ammonia is the most common nitro- 
genous waste. 

8. The Nervous System. — As the coelenterates are the lowest animals 
to possess a nervous system, the anatomy and physiology of this system 
have excited much interest. The nervous system consists of the sensory 
nerve cells located in the body epithelia and of a subepithelial nerve plexus 
(Fig. 112A, B) into which the fibrils from the sense cells run and from 
which (presumably) neurites pass to the muscles. The nerve plexus is 
made up of bipolar and multipolar nerve cells (ganglion cells) and their 
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neurites (Fig. 112 A, B, C), plus the neurites from the sensory cells. The 
main nerve plexus is located in the inner part of the epidermis outside 
the muscle cylinder (Figs. 108J and 109 G). In most, possibly all, coelen- 
terates a less developed plexus, similarly situated, exists in the gastro- 
dermis. Earlier workers denied any connections between the two 
plexuses, but neurite connections as well as nerve cells were later found 
in the mesgloea, and probably both plexuses should be regarded as one 
system. In hydroid polyps the plexus is concentrated around the 
mouth, a fact suggesting the beginning of a centralized nervous system 
(Fig. 1121?). A s imil ar ring containing larger and more numerous nen e 
cells than elsewhere was reported bj” the brothers Hertwig for the oral 
disk of anemones in their classical researches on these forms (18/9); but 
later workers have failed to verify their finding. In hydromedusae, the 
nerve plexus is limited to the subumbrellar surface and connects with two 
nerve rings in the bell margin (Fig. 125A), an upper ring with which the 
marginal sense organs communicate and a lower one that controls the 
ring muscle of the velum. Scyphozoan s lack the marginal nerve rings, 
but near each marginal sense body (rhopalium) there is a ganglion 
(acculumation of nerve cells) that connects with the subumbrellar plexus 
(Fig. 163A). Morphologically the nervous system of coelenterates is 

hv its radial construction and the diffuse distribution of 


both neurones and neurites (Fig. 112B). 

It has been believed for many years, chiefly from the work of Bethe 
(1903) that the nerve plexus of coelenterates is an actual network formed 
by the fusion of the neurites. On this view there are no separate nerve 
cells in the plexus, and all the neurites are continuous. Such a “nerve 
net” has been regarded as the primitive nervous system from which the 
synaptic nervous system of higher animals has evolved by the breaking 
up of the net into independent neurones. However, the excellent studies 
of the Hertwigs fail to show any such net (Fig. 112A), and their figures 
have been recently completely confirmed by Bozler (1927) who, on some 
of the same forms studied by Bethe, has found that the nerve plexus 
consists of separate cells. Their neurites terminate on the neurites of 
other cells by delicate, often varicose, endings. Old and new studies 
therefore unite in indicating that the nervous system of coelenterates 
is synaptic , as in other animals, i.e., the impulse must pass across a break 
(synapse) between neurites. However, the nervous system, although 
synaptic, differs from that of higher animals in that conduction occurs 
equally well in all directions, for the cells and neurites lack polarization. 
The system behaves as if it were actually a network with diffuse conduc- 
tion. Thus the stimulation of any small spot on the surface of anemones 
can bring the entire muscular system into action. In medusae and 
anemones conduction occurs as usual through zigzag strips, provided 
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these remain in continuity. Localized responses do, however, obtain, 
and tiere is some indication of polarization, e.g., in anemones, where 
stimuli are conducted more readily in a longitudinal than in a transverse 
direction. Another feature of the c-oelenterate nervous system is the 
extreme autonomy or independence of parts; isolated portions of the 
body behave much as in the intact animal. Isolated tentacles and 
acontia execute their usual movements when stimulated, and isolated 
pedal disks of anemones creep about. There is little evidence of a 
central controlling mechanism around the mouth. Finally, the coelen- 
terate nervous system is poor in reflexes, i.e., in specific responses to 
particular stimuli. In anemones, for instance, almost any stimulus of 
any region causes contraction of the column and withdrawal of the oral 
disk. Yet reflexes do occur in the phylum such as the righting reflex 
of medusae (page 533) and the opening of mouth and pharynx when the 
tentacles are stimulated by food. In general, however, the nerve plexus 
of coelenterates is characterized by diffuse unpolarized transmission, 
autonomy of parts, and paucity of reflexes. 

The following sorts of mechanisms occur in the phylum. First, 
there are the independent effectors of G. H. Parker, comprising the 
nematocysts, gland cells, and cilia, all of which are said to react directly 
to stimuli without the intervention of any nervous elements. Parker 
also believes that certain muscles, e.g., the longitudinal muscle of the 
acontia of anemones, respond directly as do the muscle cells of sponges. 
Next, constituting the simplest neuromuscular mechanism, is the direct 
s tim ulation of a muscle by a sensory nerve cell. In such cases, the 
basal fibrils of a sensory nerve cell or the neurites of a subepithelial sensory 
ganglion cell having free nerve endings at the surface terminate on 
muscle cells. In the next stage the sensory fibrils make synapses with 
the neurites of a motor ganglion cell of the subepithelial nerve plexus, 
and such motor cells then have terminations on muscle fibers. Finally, 
two or more ganglion cells of the plexus may be interpolated in the 
nervous path. 

The nerve plexus conducts without decrement and without fatigue, 
since circular strips cut from medusae will pulsate for days without 
alteration of rate. The rate of conduction has been measured for some 
forms and is given as 7 cm. per second in Renilla, 12 in Physalia, 12 to 15 
in Metridium, 23 in Aurelia, 24 in Pelagia, and 15 to 120 in Cassiopeia; 

these rates may be compared with a speed of 12,500 cm. per second in the 
nerves of man. 

filiform tentacles, Clata, and gonophores on the hydranth stem. B. A hydroid stem from 
life, showing its structure. 1, hydranth; 2, hydrocaulus; 3. hydrorhna: 4. stolon 6 
manubrium; 6. stomach region; 7, gonophores; 8, corbula; 9. periderm 10 coenoearc’ 
11, gaetro vascular cavity; 12, gastrodermis ; 13, epidermis. 
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IV. CLASS HYDROZOA 


1. Definition. — The Hydrozoa are polymorphic, or wholly polypoid, or 
wholly medusoid coelenterates, with tetramerous or polymerous radial 
symmetry, in which the gastrovascular system lacks stomodaeum, 
septa, or nematocyst-bearing structures, the mesogloea is noncellular. 
the gonads ripen in the ectoderm, the oral end of the polyp is elongated 
into a manubrium, and the medusae are craspedote and without rhopalia. 

2. Morphology of the Hydroid Form.— A typical hy droid polyp is 
differentiated into three regions: the attached base, the stalk or stem, 
and the terminal hydranth (Fig. 106.4). The base usually consists of a 
glandular area by whose secretion attachment is accomplished. 'From 
the base in colonial forms tubes known as stolons or rhizomes extend 
out over the substratum as a branching or anastomosing root-like tangle 
called the hydrorhiza (Fig. 113.4. B ). The stolons serve to fasten the 
colony firmly and also usually give off numerous upright buds that 
develop into new polyps or polypoid colonies. Solitary forms such as 
Corymorpha and some other Tubulariidae are anchored, generally to 
soft bottoms, by a number of short, unbranched, nonbudding, root-like 
holdfasts from the nonadhesive base ^Fig. 119.4). These at first consist 
of solid stolons that secrete a periderm and then die away leaving the 
empty skeletal tubes as anchorage. In the solitary fresh-water hydras, 
the attached end is a simple adhesive pedal disk , never forming stolons 
(Fig. 132). From the stolons arise the single stalks or caulomes of 
polvps or the main stalk, termed hydrocaulus , of a colony J Stolons, 
caulomes, and hydrocaulus consist of a living hollow tube (Fig. 113 E) 
termed the coenosarc. usually covered over by a ehitinous tube, the 
periderm (or perisarc), yellowish or brown in color, secreted by the 
epidermis. The coenosarc is composed of epidermis and gastrodemns 
with a mesolamella between them, and it and its enclosed gastrovascular 
cavity are continuous throughout the colony./ In Corymorpha and related 
forms (see page 411) the stem contains a number of small canals instead 

of a single central gastrovascular canal (Fig. 119F). 

The hvdranth is an elongated, cylindrical, bottle-shaped or vase- 
like structure, haring a terminal mouth and bearing tentacles (Figs. 
H 3 D and 114) It is often differentiated into an elongated distal part. 

called proboscis, manubrium, or (in hydras) hypostome. and an expanded 

basal Momach or gas.ral region. The proboscis is cybndneal, corns! 

or globular, and the mouth is capable of great expansion. The bydramh 
mav join the stalk by way of a narrowed '‘neck as m Tuiuhnc (Fig- 

tentacles are irregularly strewn over the hydranth. Then the ba^ 
tentacles arrange too a proximal circle, while the distal ones re.au. the 
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Fig. 114.— Types of hydranths and tentacles, all from life. A. Svneorynt , with scat- 
tered capitate tentacles. B. Pennana, with distal scattered capitate tentacles and a 

dZ m n ° f ^ f ° rm C • TubulaHa - di8t al and prox^Xd^ cir 

° b f' a ,' 3 S ‘ n ^ e m ’i° rm C * rdet - E - Ca P itate tentacle of Pennaria, enlarged 

nematocysts and core of disk-like gastrodermal cells. 1, manubrium^' 

theca; 7, °‘ Peridem: * «• ^ ^ 
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irregular arrangement, as in Pennaria (Fig. 114B). Next the tentacles 
become limited to two circlets as in the Tubulariidae, a shorter distal 
circlet around the mouth and a longer proximal circlet at the hydranth 
base (Fig. 114C). Finally the tentacles become limited to a single 
circlet at the base or at the junction of proboscis and stomach as in most 
Cal ypt oblast ea (Fig. 114D). Tentacles are absent among the Hydroida 
in Protohydra (Fig. 133.4), some parasitic forms, and various modified 
polyps of polymorphic colonies. Branched tentacles are rare, being 
limi ted to the family Corynidae. 

The tentacles of hydroid polyps are of two sorts: capitate, short 
with a terminal knob packed with nematocysts (Fig. 114B, E); and 


filiform, elongated and tapering with nematocysts strewn along the 
length, or on the outer surface only (Fig. 115Z>), or arranged more or 
less in circlets as in many Calyptoblastea (Fig. 115.4). Either or both 
kinds of tentacles may be present. The tentacles may be hollow or 
solid. In the hydras they are hollow, and the tentacular canal is con- 
tinuous with the general gastro vascular cavity, but in other forms with 


hollow tentacles, the canal is cut off by a mesolamella. In most hydroid 
polyps, however, the tentacles are solid, containing a gastrodermal 
core made of a single row of highly vacuolated, stiff cylindrical cells 
1 1 iv covom! rmv< of vacuolated cells are present in the Tubula- 


riidae (Fig. 115D). 

As already mentioned, stolons and stems are commonly covered 
with periderm, shown by chemical test to consist of chitin. The peri- 
derm i* absent in the hvdras and scanty in some other solitary forms, 
as Protohydra, Corymorpha, etc. (Figs. 119.4 and 133.4), where it may be 
limited to the base of the stem or occur as a thin, not definitely outlined 
investment. On stems it usually forms groups of rings or annulations 
at definite points related to the branching (Fig. 114 B). The faction of 
these is obscure, but it is generally supposed that they lend flexibility. 
In the Gymnoblastea the periderm (when present) stops below the 
hvdranths, which are thus naked (Fig. 114.4-C). In the Calyptoblastea, 
each hydranth secretes around itself a cup or tube of penderm, the 
hydrotheca, into which it can withdraw wholly or partially when dis- 
turbed The hydrotheca is often shaped like a wineglass (Fig. 11 ) 

but may be cvlindrieal or tubular (Fig. 115B) and may have a smooth or 
a toothed edge (Fig. 11 oE). In the Sertularudae and Plumulamdae, 
the hvdrothecae are sessile, fused by one surface to the hyd^^ or 

Sertulariidae and CampanoUnidae) of one <0 sever^ {"'TaSS 
a ri rcu£ or cme-sidetf chitinous shelf extends inward from the hydny 
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theca at the hydranth base (Fig. 1142)) as a diaphragm , which narrows 
the opening into the stalk and prevents the passage of large food particles. 
The hydrotheca may be secondarily reduced to a small cup as in Hakctum 

(Fig. 117.4). 

The stolons with their periderm encasement are usually distinct tubes 
running over the substratum (Fig. 116C). In HydracUnia , however, 
the stolons early fuse to a network, and their epidermis unites to form 
continuous upper and lower sheets enclosing gastrodermal tubes (Fig. 
118 F). Periderm is at first secreted above and below; but later the thin 
upper periderm disappears while continuous secretion below results in 
successive layers of periderm forming a mat applied to the snail shell 
on which HydracUnia colonies commonly grow (Fig. 11SC). From 
this peridermal mat, there arise at frequent intervals spines of periderm 
that project among the polyp bases (Fig. 1182)). 

The formation of new hydranths by asexual budding is universal 
throughout hydroid polyps and commonly leads to colony formation. 
Such buds rarely form on the hydranths (only known case, Heterosteph- 
anns , Fig. 1332?), nearly alwaj r s on stems and stolons. In budding, both 
coenosarc layers project as a rounded outgrowth that as it elongates 
differentiates into a hydranth (Fig. 1 1 5(7- J/) . The tentacles are formed 
by little gastrodermal cones (Fig. 115L), which push the epidermis 
before them and become the gastrodermal cores of the tentacles. In 
some cases prior to the appearance of a bud, interstitial cells accumulate 
at the spot and participate in the outgrowth, as is said to be the case in 
hydras. Periderm when present is dissolved by the advancing bud and 
later reformed. 

Colony formation occurs in four different ways: hydrorhizal or sto- 
lonal, monopodial with terminal hydranths, sympodial t and monopodial 
with terminal growing points . In hydrorhizal budding, seen in Clara, 
Coryne , HydracUnia , etc., the polyps spring singly and irregularly from 
the basal stolonal tangle or mat, originating as erect buds directly from 
the stolons (Figs. 116C and 1182)). Or a group of parallel stolons may 
erect themselves vertically as a bundle or rhizocaulome, which imitates 
a stem and from which also polyps spring directly and singly (Clalhrozoon, 
Fig. 1162)). Usually, however, a hydroid colony consists of one main 


erect stem or hydroeaulus, fastened at its base by spreading stolons and 
giving off branches bearing hydranths (Fig. 113.4, 2?, C). The hydro- 
caulus may be straight; or it may be zigzag, with an angle at the origin 
of each branch. It is usually single (monosi phonic) but may be fascicled 
(polysiphonic ) , in which case the true hydroeaulus is covered over by 
stolons from the hydrorhiza or by branches from below (Fig. 116.4, B ). 

Colonies with a hydroeaulus have a general plant-like aspect and 
form hydranths and branches in definite ways similar to those obtaining 
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in plant growth. Their mode of growth is either monopodial or sym- 
podial. In the first kind of monopodial growth, which prevails among 
the gymnoblastic h 3 'droids, the main stem and all branches are per- 
manently topped by terminal hydranths and continue to elongate 
indefinitely by means of a growth zone just below each hydranth (Fig. 
116 E). Below the growth zone, lateral buds arise at intervals, and, 
since each bud has a growth zone, the stem elongates between successive 
buds, which thus come to be separated by a length (intemode) of newly 
formed stem. Successive buds usually alternate. These buds differen- 
tiate into hydranths whose stems continue to grow' and to bud in the same 
fashion, thus establishing new* branches. A given spot buds but once. 
The original hydranth formed from the planula tops the hydrocaulus, 
the whole of whose length is really the stem of this hydranth. Similarly, 
each branch is the stem of its terminal hydranth, which is the oldest 
of that branch. Such branching is termed racemose and, because of the 
long, continuously growing hydranth stalks and their alternation on the 
branches, results usually in a loose bushy colony, as seen in Tubularia , 
Endendrium (Fig. 113.4), Pennaria (Fig. 1162T), etc. 

In sympodial growrth, the hydranth stems have no growth zone and 
do not elongate after being formed. Below the temporary' last hydranth 
of the hydrocaulus or branch is a budding zone from which a bud arises 
laterally. This grows, overtops its parent hydranth, and develops into 
the new temporary terminal hydranth, which repeats the process (Fig. 
117,4). The colony thus continues to grow' only at the ends of the 
hydrocaulus or of the branches, and the terminal hydranths are such 
temporarily, also the youngest, the age increasing basipetally. Each 
internode is the stalk of a different hydranth, and the added stalks of 
all the polyps thereon compose the hydrocaulus or the main stem of 
each branch. Buds are usually given off alternately, and a colony may 
consist simply of a succession of alternate polyps. The budding zone 
of any hydranth may, however, continue to bud and so form branches. 
This type of branching is termed cymose and is characteristic of the 
lower families of calyptoblastic hydroids. The higher calyptoblastic 
forms, such as the plumularians, have, however, reverted to a second 
monopodial method, apparently by evolution from the sympodial type. 
The hydrocaulus and branches end in permanent growing points (instead 
of hydranths), which never differentiate into hydranths but continue to 


wLh of many rows of cells, from life. E. A thecate 

t0 °J h ^ hy f 0t u h6Ca t 8nd ringed gonothecae, illustrating also hydro- 

^ C branch ° f a Plumulanan - Waophmxa. showing buarre 
hydrothecae fused on one side to the Branch, and bearing nematothecae. G-Sf. Stages in 

the tran^ormation of a growing point into a hydranth, frdm life. 1, epidermis* 2 gaatro- 

3 ’ h l ydrotheca l *. 4 * Ud > 5 * gonotheca; 6. annuli; 7. stolons; 8, nemamthe^* 9 
gastrodermal cone pushing out to form tentacle. «u»wunecae. v. 
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elongate indefinitely, budding off branches and hydrant hs laterally 
(Fig. 117Z))- The hydroeaulus is the product of one continuously 
elongating, growing point originating from the planula; and each lateral 
branch (termed hydrocladium ) is formed by a lateral growing point. This 
mode of growth seems to be the most successful, since the largest hydroid 
colonies originate in this way. 

In either sympodial or monopodial growth, branching may occur in 
all planes, giving a bushy colony (Fig. 113.4, B ) or in one plane, producing 
a fan* or plume-like appearance (Fig. 113C). Hydranths and polyps 
generally arise alternately, but in many sertularians the budding zone or 
growing point gives rise to two buds simultaneously (Fig. 117B, C) instead 
of the usual one and dichotomously branched colonies result, having 
opposite instead of alternate polyps and branches. In the Sertulariidae 
and Plumulariidae with sessile hydrothecae fused along one surface to 
the stem, the branches are often rendered rigid and inflexible thereby and 
when arising in one plane form a characteristic feather shape, as in 
Aglaophenia (Fig. 113C). The plume form is particularly characteristic 


of the family Plumulariidae, where the regular alternate hydrocladi, 
bearing the sessile thecae on their upper surfaces only, spring from the 
hydroeaulus nearly at right angles and in one plane (Fig. 117 D). 

As already indicated, the hydroid polyps are divisible into the 

athecate and thecate forms. The athecate or gymnoblastie or tubularian 

hydroids include solitary" forms without periderm or with a basal periderm 

but comprise chiefly hydrorhizal or monopodial colonies in which the 

periderm extends to the hydranth base (Fig. 114A-C). In the thecate 

or calyptoblastic or campanularian hydroids, the periderm continues 

as a hydrotheca around the hydranth and a gonotheca around the gono- 

phores (Figs. 114D, 115 E). This group includes colonics with stalked 

hydranths and sympodial growth and those with sessile thecae and 
terminal growing points. 


Hydroid colonies are polymorphic, i.e., consist of more than one 
kind of individual (called zooid or person). So far we have been describ- 
ing the ordinary feeding polyp, also termed nutritive polyp, gastrozooid, 
and trophozooid, having mouth, tentacles, and gastric cavity, serving to 
capture and ingest food (Fig. 114). All colonies, however, are at least 
dimorphic including in addition to the gastrozooids, medusoids (Fig. 
119.4, F) in various stages of formation (or grades of degeneration when 



encircled by stolons, Ptumulana . (Afte/speneer 1890 ) C HVH h £ dr< J caulufi ,n <* nt *r 
a campanularian hydroid, growing on a Sarir»ln,m “i of «>lony, 

Hydros colonyfcri^nTrlct uL * 

hydranths, PennL*. f^L 'TL * type of colony, with hermit 
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free medusae are not formed). Many colonies are trimorphic, having 
gastrozooids, medusoids, and gonozooids; the last are modified polyps 
that bud off medusoids or their morphological equivalents (Fig. 1182)). 
Gonozooids and medusa formation are described later. Often a fourth 
type of zooid is present, the protective polyp , also termed machozooid, 
dadylozooid , and other names, which is derived from the gastrozooid 
by reduction or loss of mouth, tentacles, and gastric cavity, and which 
serves only for protection and food capture. Dactylozooids are elon- 
gated, highly extensile, nematocyst-bearing structures that may be 
provided with short capitate tentacles (Fig. 1182)) but usually simply 
resemble long tentacles and are then termed tentaculozooid&~{ Fig. 118#). 
They may be definitely arranged with respect to the gastrozooids. 
Hydradinia has two sorts of dactylozooids, the spiral zooids with capitate 
tentacles (Fig. 118D) found at the shell margin, and the tentaculozooids 
(Fig. 118#), found only at growing margins and often scarce. Very 


characteristic are the small dactylozooids of the Plumulariidae (Fig. 

117 E). They are called nematophores or sarcostyles and spring from tiny 

thecae, the nematothecae , located on stems and on the hydrothecae 

(usually three to each) of the gastrozooids. The nematophores (Figs. 

117#, 118G) have club or capitate ends beset with nematocysts or 

adhesive cells or both. The adhesive cells contain droplets discharging 

into long sticky threads used to ensnare small prey while the nematocysts 

are employed against larger organisms. Small dactylozooids similar 

to those of plumularians occur in the curious hydroid Clathrozoon (Figs 
1162) and 118G). 


Some hydroid polyps are solitary, eithei because they never bud, 
or because the buds soon leave the parent. Most familiar of these 
are the fresh-water hydras (Fig. 132), which bud at a definite budding 
zone located at the junction of stomach and stalk. Each bud begins 
as a rounded protrusion involving both body epithelia; it rapidly elon- 
gates, sprouts tentacles at its free end, and differentiates completely 
into a small hydra before freeing itself from the parent by a basal con- 
striction. The entire process occupies about 2 days under good condi- 
tions. Well-fed hydras may bear several buds, and these are found to 
be arranged in a spiral ascending from the oldest to the youngest. Under 
depressmg conditions, buds may fail to detach and double-headed forms 
or colony-like aggregates result. Another solitary form is the minute 
tentacle-less Protohydra (Fig. 133A, page 440) multiplying by fission. Of 
a different type are the large solitary marine hydroids Corymorpha and 
BranoMocenanthus, which have no mode of asexual reproduction. The 
long stem is anchored m soft bottoms by a tuft of holdfasts and is topped 

apically by the large pink or rose hydranth having distal and proximal 
circlets of tentacles and grape-like bunches of ?onnnKnrpc 110.4 rr \ 
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Acaulus (Fig. 119 F) and Myriothela (Fig. 133 C), small solitary types also 
without asexual reproduction, have a short base and an elongated 
manubrium covered with capitate tentacles and bearing gonophores or 
gonozooids. Solitary forms with unusual modes of asexual multiplication 
are illustrated by Heterostephanus (Fig. 1335) and Hypolytus (Fig. 1335). 

The gastrovascular cavity of hydroid polyps enlarges in the hydranth 
base into a stomach or gastric region (Fig. 114) in which extracellular 
digestion occurs. Only in the hydras are the tentacular cavities con- 
tinuous with the main gastrovascular cavity. In the Sertulariidae 
(Fig. 1185), the stomach is outpouched into a blind sac that by periodic 
contractions forces the digesting broth into the stem. In Corymorpha , 
many species of Tubularia , and allied forms, the relatively large stem is 
more or less filled with vacuolated gastrodermal cells, probably serving 
for support through their turgescence, and in its periphery' near the 
epidermis, is a circle of gastrodermal canals, opening distally into the 
stomach of the hydranth (Figs. 118 A and 1195, E). 

Histologically, hydrozoan polyps present nothing especial. Eph 
dermal and gastrodermal epithelia vary from low' to columnar form, 
and, in tentacles and hydranths, throughout the whole body in hydras 
and hydra-like types, are provided with muscular bases, longitudinal 
in the epidermis, circular in the gastrodermis. The circular fibers 


are often less developed than the longitudinal ones and apparently 
frequently absent. Stems and stolons appear to be devoid of muscle 
fibers. The epidermis is seldom ciliated or flagellated; it may be double, 
with a delicate outer layer next the periderm. Sensory cells occur 
abundantly in the epidermis of tentacles and manubrium. The gastro- 
dermis is flagellated throughout, low' in stems and stolons, often highly 
columnar and wavy in regions active in digestion. It extends to the 
mouth rim, a stomodaeum being absent, and is there supplied wdth 
many mucous gland cells (Figs. 108A and 107 E) while in the gastric region 
it contains enzymatous gland cells. In the Tubulariidae, a gastrodermal 
cushion (Fig. 118A) of large vacuolated cells is present in the hydranth 
base and apparently serves to prevent large food particles from passing 
into the stalk. The nervous system is best known for the hydras, where 
an epidermal plexus of ganglion cells and neurites occurs throughout 
the body (Fig. 1125). The ganglion cells are slightly more concentrated 
in hypostome and pedal disk where the plexus also tends to a circular 
arrangement, suggesting nerve rings in these tw'o locations (Fig. 1125, C). 


Hydractinia, showing structure. (Aft** Coll cult 18Q7 ^ rt \ a * ^ , 

(After Spencer , 1897.) l f distal tentacle; ophore cluster 3 ^£2, 

vacuolated cells; 4, proximal tentacle; 5, 6 

gastrozooid; 8, spiral zooid: 9. ponostnniH- in ’ 6 I mes °lamel]a; 7. 
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The neurites behave in various ways: they may connect with sensory 
nerve cells, or pass to the surface as free endings, or terminate by swollen 
tips on muscle fibers, or connect with the neurites of other cells. There 
are also indications of a gastrodermal plexus in hydra, having much 
fewer and smaller cells than the epidermal plexus. In the few cases 
investigated in the colonial hydroids, the nervous system resembles 
that of hydra; an epidermal plexus is present in hydranths and tentacles 
and tends to centralize to a ring in the manubrium. Both epidermal 
and gastrodermal ganglion cells have been found in the coonosarc but 
whether a continuous nervous connection exists throughout hydroid 
colonies does not seem to be known. Its occurrence is probable in 
at least some forms, since in Clava, for instance, the whole colony contracts 
when one polyp is touched (Foyn). 

3. Morphology of the Medusoid Form. — A typical hydromedusa is a 
solitary, free-swimming animal, consisting of a gelatinous bell-, dome-, 
bowl-, or saucer-shaped bell or umbrella from whose rim and concave 
subumbrellar surface the principal parts depend (Fig. 1065). The most 
striking general feature of the medusa is its perfect tetramerous radial 
symmetry. From the center of the subumbrellar surface hangs the 
manubrium, a cylindrical or quadrangular tube of varying length, often 
provided with lobes, frills, or even tentacle-like projections (oral tentacles, 
(Fig. 120.4, B), all heavily beset with nematocysts. At the attachment 
of the manubrium to the bell there usually occurs a rounded or quad- 
rangular gastric cavity or stomach. Some forms, as Sarsia (Fig. 120(7), 
have an extremely elongated extensile manubrium with the stomach 
near the tip; and in others, as Euiima (Fig. 1205), the manubrium is 
borne on a gelatinous extension, the peduncle, actually part of the 
umbrella, since the radial canals course in it. From the gastric cavity, 
gastrodermal tubes, the radial canals, radiate to the bell margin. They 
are nearly always four in number and 90 degrees apart, occupying the 
perradii (Fig. 1205, (7); but other numbers, mostly six or eight (Fig. 
121.4) occur, and in some cases, as Aequorea (Fig. 121 C), many radial 
canals are present, while in a few forms they branch (Fig. 135). The radial 
canals open into a ring canal running in the bell margin; this is often a 
broad, irregular channel (Fig. 122). Manubrium, stomach, radial 
canals, and ring canal constitute the gastro vascular system of the medusa 
A velum or craspedon is characteristic of hydromedusae but Ls occa- 
sionally rudimentary as in the medusae of Obelia. 

The flat to tall bell is generally of simple contour but mav be pointed 
at the summit (Fig. 1215, D) or provided with a constriction near the 
summit giving a turreted effect as in Leucl-ar/iara (Fig. 1205). Tbemargin 

is circular and unscalloped in the medusae of the Hydroida and bears 
the most differentiated structures of the body, the tentacles and sense 
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organs. The tentacles may be absent or mere bumps in some medusae, 
particularly short-lived species, as Pcnnaria (Fig. 120D). A single 
tentacle may be present as in Stccnstrupia (Fig. 1215); or two as in 
Stomotoca (Fig. 121Z>); frequently the number is four as in Sars-ia , Eutima , 
etc. (Fig. 120F, G ); and often 8, 12, 16 (Fig. 120 E), or an indefinite 
number occur (Fig. 121C). When indefinite the number often increases 
with age. When four or less in number, the tentacles are always perradial, 
i.e., each springs at the termination of a radial canal (Fig. 120F, G). 
When the number is greater than four, often one, two, three or more 
tentacles are symmetrically and regularly spaced between the perradial 


tentacles as in Leuckartiara (Fig. 120 E). 


Frequently the perradial tenta- 


cles are much larger and longer than the interradial and adradial ones (Fig. 


120 E), and in many cases the last are small and rudimentary, apparently 
serving as sense organs or sites of nematocyst formation. In Bou- 


gainmllia (Fig. 120A) and related genera and Margclopsis the tentacles are 
grouped into four or eight clusters (Fig. 120.4). The tentacles are 


generally unbranched, but in the family Cladonemidae they may bifurcate 
or branch, and some of the branches may end in suckers used for clinging 
to objects (Fig. 12L4); or the tentacles may bear cnidophores , very con- 
tractile stalks having a terminal cavity filled with nematocysts as in 
Zanclea and Gemmaria (Figs. 121 E and 111 G). The tentacles are 
liberally strewn with sensory nerve cells and abundantly provided with 
nematocysts, usually grouped into warts, ridges, rings, spiraLs, and 
terminal swellings. They may be hollow containing an extension of 
the ring canal; or solid with a central core of gastrodermal disks as in 
the tentacles of many hydroid polyps. The base of each tentacle Is 
commonly swollen into an enlargement, the tentacular or ocellar bulb, 
which may bear an ocellus and other sensory patches but functions 
primarily in digestion (page 449) and as a site of nematocyst formation, 
being packed with cnidoblasts in process of secreting nematocysts 
(Figs. 122 and 123C). Tentacles are often so reduced that they consist 
of nothing but the tentacular bulbs or perhaps more correctly have devel- 
oped only as far as the tentacular bulb. 


The bell margin is liberally provided with general sensory epithelium 
and usually bears special sense organs. These sense organs of medusae 
are the first organs encountered in the invertebrate series, and signifi- 
cantly they concern perception of the factors of the external world. In 
hydromedusae the chief sense organs are the ocelli (“eyes”) and the 

also caUed stntobiasts, lithocysts, otocysts, and other names 
(Fig. 122). Each of these occurs in various grades of organization. 


four abortive tentacles. ( After Mautr 1910 ) P 1 ^ TT “TT 

lengths related to the radii. F . Butima , with unfbr«5lar Mancie 

manubrium. 1, manubrium; 2, oral tentacles- 3 radial i *?’ ^ arna ' l°ng 

6. OceUus; 7. stomach; 8. peduncle or p^udomanubrium; 9 tenta^bX ’ a' 
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The ocelli appear as red, brown, or black spots, usually one on each 
tentacular bulb (Fig. 122.4), whether this continues as a tentacle or not, or 









/ . 
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statocyst; 5, radial canal. ren.acuiar bu^b, d, ocellus; 4, 

sometimes on the bell margin itself. In Bougainnllia and other forms 
m which the tentacles occur in clusters, the single tentacular bulb of the 
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cluster bears as many ocelli as there are tentacles (Fig. 120C). In its 
simplest form an ocellus consists of a patch of pigment cells interspersed 
with sensory nerve cells as in Turns (Fig. 123A). The pigment cells 






Fig. 123. Histology of oe*U. 4. g^o^ne ooeu^ “T^—^plex 

posed of pigment and sensory «lls. B^bect on o tentacular bulb wuh ocellus and 

with lens. C. Tentacle base of Sarsui, from nfe, „ QceUu8 enlarged. E. Section 
nematocyst depots. D. Sensory and pigmen complex type with pigment cup and 

of ocellus of Tiaropsis and adjacent parts. * C) P j gastro derinis; 2, mesolamella; 3, 
inverted retinal cells. {AU after L\nko, 1 ’ , ** - j 6 ra dial canal; 7, ring canal;8, 

pigment •£ “ ' ,f • "ia„L.LI.r .pid.rmi.: 12. -bumbrita 

35 £ “ WB " ”" e ““ 

lower nerve ring; 17. statocyst; 18, velum. 

appear to be epidermal cells filed with pipnenl. and 

resemble the general sensory cells of the jidemmfFg. „ mA) 
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tfien the cup comes to be occupied by a lens-like body formed of cuticle 
( Sarsia , Fig. 1235), while the pigment cells may be either epidermal or 
gastrodermal. The most complicated hydromedusan ocellus is that of 
Tiaropsis (Fig. 123 E) with a gastrodermal pigment cup filled with 
sensory cells whose tips are directed toward the cup while their nerve 
fibers pass out of the opening of the cup; in short, the sensory cells are 
“inverted” as in the eyes of higher animals. The nerve fibers of the 
sensory cells of ocelli unite to strong strands joining the upper nerve ring. 
The ocelli presumably serve for the more exact perception of light 
(page 495). 

The statocysts, absent in the Anthomedusae, are epidermal pits or 
vesicles (Fig. 1225) located in the velar base on its subumbrellar side and 
characterised by the presence of special cells ( lithocytes ), each cf which 
contains a movable round concretion (statolith) composed of organic 
material and calcium carbonate. The statocysts are of two general 
types, open and closed. The simpler open type ( Mitrocoma , Fig. 124.4, B ) 
consists of an epidermal pit facing the subumbrellar cavity and covered 
externally by a bulge of the outer epidermis of the velum modified over 
the pit into columnar palisade cells with thickened walls. In the bottom 
of the pit (Fig. 124A) are rows of lithocytes each containing a statolith, 
succeeded by a row of sensory cells, which send processes under the 
lithocytes and sensory hairs around the statoliths. The lithocytes in 


type 


in one to several rows. Each lithocyte is supplied by three to five 


sensory cells. Various gradations occur between the open and closed 


type of statocyst; the latter is formed by the approximation and fusion 


of the margins of the pit. The closed vesicle so formed usually bulges 
toward the outer surface of the velum. Its wall (Fig. 124C, D ) is com- 
posed of a double layer of flattened epidermis and bears a patch of 
lithocytes and sensory cells like those of the open type but reduced 
in number to less than ten of each kind of cell. The statocysts are 
usually located between the tentacle bases, although sometimes on 
them, and are often very numerous, numbering hundreds. Early 
workers regarded the statocysts as organs of hearing and termed them 
otocysts; but they are now considered to be organs of equilibrium (for 
evidence see page 533). The nerve fibers from their sensory cells run to 
the lower nerve ring, which also controls the velum. 


Other marginal structures regarded as sense organs are the sense 
dubs or cordyli and the Vadik combs. The former found in Laodicea 
and related Leptomedusae are small clubs mounted on sensory cushions 
situated between the tentacle bases; they are composed of large gastro- 
dermal cells covered by a flat thin epidermis (Fig. 124 F) and entirely 
resemble the lithostyles of the Trachylina (page 457) except that they 
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contain no statoliths. The tactile combs (Fig. 124 E) are patches bearing 
long stiff hairs. 

In many medusae each radial canal opens near the ring canal onto 
the subumbrellar surface by a pore often set on a papilla formerly believed 
to be sensory. These are now regarded as excretory pores for the ejection 
of wastes and undigestible material that have been seen passing through 
them (page 396). The gastrodermis adjacent to the pore is filled with 
granules said to be nitrogenous. 

The entire exumbrella and subumbrella, outer surface of the manu- 
brium, and both sides of the velum are clothed with epidermis, mostly 
cuboidal but varying from flattened to columnar. It is liberally supplied 
with nematocysts and sensory nerve cells. Nematocysts are particularly 
abundant on the manubrium, especially around the mouth, on the bell 
margin, and on the exumbrella adjacent to the margin. A thick welt 
of nematocysts, the nettle ring , may encircle the bell near the margin. 
Nematocysts may be scattered all over the exumbrella or may occur 
in meridional tracts, which accompanied by sensory and nerve cells 
ascend to the su mmi t of the bell. Sensory epitheli um is particularly 
well developed on the bell margin, where it occurs as patches on the 
tentacular bulbs and other protuberances and as circular bands overlying 
each nerve ring. Sensory epithelium is often provided with very long 
motile hairs resembling flagella (Fig. 124J3, D). 

The musculature is almost wholly epidermal. The regular epidermal 

layer consists of longitudinal fibers in manubrium and tentacles and 

weakly developed radial fibers in the subumbrella. These fibers are 

smooth and are basal' extensions oT epidermal cells. In addition to 

this system there are highly developed striated circular muscles in 

subumbrella and velum. In the subumbrella these are epithelio- 

muscular cells lying beneath the surface epidermis. As a result the 

subumbrellar epidermis is double (Fig. 125C), consisting of the outer 

epitheliomuscular cells of the radial system, the inner ones of the circular 

system. The velum (Fig. 125 B) is composed of two epidermal epithelia 

with a mesolamella between. It contains a wide band of striated circular 

muscles lying to the subumbrellar side of the mesolamella. The velar 

muscle is separated at the bell margin from the circular layer of the 

subumbrella by a nonmuscular zone containing the nerve rings The 

exumbrellar epidermis is devoid of musculature except in the swimming 
bells of the Siphonophora. 


The gastrodermis lies directly in contact with the subumbrellar 
and manubnal epidermis, from which it is separated by a thin meso- 
Wlla (Fig. 12 AD). It lines the manubrium and forms the walls of the 

11 •" histol °g icall y s^ilar to the gastrodermis 
of hydranths wherever it is employed in digestive activities. In the 
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aboral walls of the canals (Fig. 124B) it is flattened, and this same 
flattened gastrodermis continues as a one-layered sheet, the gastrodermal 
lamella, between the radial canals. The gastrodermis appears to lack 
muscular extensions. 





no. 125. — Histological structure of medusae. A 
ganglion cells. (After Hyde. 1902.) B Sectmntluoughthe veimn. C nerve 

Epidermis of NeeturHs, showing double ^ ^ M>b«™ to 

SbumireS^ 

!3&%SSSS«. .< »»i; .i STi»« - 

14 , muscle fibers of same. 


The mesogloea is a thick gelatinous nonceUular mass 1m* 

be Jee 6 n the gastrodermis and the e^nbreUar 

which layers it is separated by a mesolamella. It is crossed 
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whose origin as well as that of the jelly is unknown. Fibers and jelly are 
apparently secreted by both epidermis and gastrodermis. 

The nervous system attains a much higher development than in the 
polyp. It consists of a subepidermal plexus composed of neurites and 
several types of ganglion cells hung in the base of the epidermis of 
manubrium and tentacles and between the two epitheliomuscular layers 
of the subumbrella. It is often more concentrated along the radial 
canals forming radial nerves. At the bell margin the plexus connects 
with a thick nerve ring located at the attachment of velum to bell and 
composed of cables of neurites intermingled with ganglion cells. This 
ring is divided into two parts, an upper and larger part above the velum 
attachment and a smaller, lower ring below this attachment (Figs. 
12 IB, D and 125A). Both are in the base of the outer epidermis next 
the mesolamella, and they connect with each other and the subumbrellar 
plexus by fibers penetrating the mesolamella. The upper ring receives 
fibers from tentacles, sensory tracts and patches of the margin, tentacular 
bulbs, and ocelli. The lower ring receives fibers from the statoeysts 
and supplies the velar and subumbrellar musculature; the velum is said 
to be devoid of ganglion cells. These rings may be regarded as a central 
nervous system. As already mentioned, long-haired sensory tracts 
overlie each ring (Fig. 1242?, D). 

Medusae are the sexual individuals of the Hydrozoa. The gonads 
consist of epidermal folds in which the sex cells ripen. Medusae are 
nearly always dioecious. An exception is the curious genus Eleutheria 
in which eggs and sperm develop together in the walls of an epidermal 
brood pouch situated above the stomach (Fig. 126A). 

Although the medusa form can theoretically be derived from the 
polyp by oral-aboral shortening and radial expansion, medusae are not 
actually formed in this way except in the Trachylina (Fig. 143 A-D). 
In the Hydroida they or their morphological equivalents develop on the 
polyp or polypoid colony as asexual buds termed gonophores. The 


total assemblage of gonophores and associated parts in a species is called 
the gonosome , while the totality of the asexual structures is the trophosome. 

In the Gymnoblastea, the gonophores are conspicuous oval or rounded 
stalked bodies without periderm covering. They bud from the stolons 
(as Perigonimus , Fig. 126B), hydrocaulus, hydranth stalks ( Clem , Fig. 
113D; Bougainvillia, Fig. 126C), hydranths themselves ( Syncoryne , 
Fig. 114A; Pennaria y Fig. 114B; Tubularia, Fig. 114C) or, less com- 
monly, from modified hydranths known as gonozooids or blastostyles 
(. Eudendrium , Fig. 1262), E; Hydradinia, Fig. 118 D). When borne 
upon the ordinary gastrozooids the gonophores may be strewn over the 
manubrium (Fig. 114A) but more often bud from a zone just above the 
proximal tentacles (Fig. 114B, C) or on the stalk just below the hydranth 
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base (Fig. 113.D). They frequently arise in a definite and orderly 
sequence with the oldest most basal and the age decreasing apically 
(Fig. 126(7). Gonozooids in the Gymnoblastea present various degrees 
of modification from typical gastrozooids. Through reduction and 
eventual loss of tentacles, closure of the mouth, and reduction of the 
gastrovascular cavity, the gastrozooid alters into a blastostyle. a club- 
shaped projection bearing the gonophores upon its sides. In some 
hydroids, as Eudendrium (Fig. 126 D, E). the transformation of a gastro- 
zooid into a blastostyle can be followed directly, for the gonophore- 
bearing hydranth starts out with mouth and tentacles and gradually 
reduces to a stump as the gonophores ripen (Fig. 126 E). In this genus 
the male gonophores (Fig. 126D) occur as two or more successive swellings 
on stalks encircling the end of the stem that bore the gonozooid. In 
Hydractinia (Fig. 118D) the gonozooids retain short tentacles or nemato- 
cyst heads. In Corymorpha (Fig. 119-4), Tubularia (Fig. 118-4), and 
related forms, the numerous gonophores are borne on long branching 
stems (Fig. 119(7) that spring in a circlet just above the proximal ten- 
tacles; it is debatable whether these stems represent blastostyles. 

In the Calyptoblastea the gonophores are nearly always located on 
typical stalk-like blastostyles (Fig. 127-4-F) and these are enclosed in a 
vase-like case of periderm termed the gonotheca, the opening of which 
is plugged by the blastostyle tip or sometimes closed by a lid. The 
gonotheca together with its enclosed blastostyle bearing one to many 
gonophores is often spoken of as a gonangium. In the gonangium 
the oldest gonophore bud is generally next to the top and the others 
decrease in age basally (Fig. 127D). Gonangia spring directly from the 
stolons in hydrorhizal colonies ( Clytia , Fig. 115F; Ortho pyx is, Fig. 
128B); from the angles between branches or between hydranth stems and 
branches or on hydrocaulus or branches in other types of colonies ( Obelia , 
Fig. 127 D ; Plumularia, Fig. 127 E ; Sertularia , Fig. 127-4). The gonotheca 
is generally smooth but may be ribbed ( Clytia , Fig. 1 15157) or spined. In 
Halecium (Fig. 127C) one or two hydranths often occur on the end of the 
gonangium. 

Among some Hydroida the gonangia are limited to special regions of 
the colony modified for their protection. Thus in the Lafoeidae ( Lafoea , 
Filellum, Grammaria) the gonangia are grouped into a mass interspersed 
with tentaculozooids (Fig. 127 H, I). Such a mass was originally 
supposed to be a distinct kind of hydroid and was named Coppinia. 
Protective modifications for the gonangia are of common occurrence 
in the family Plumulariidae and are termed phylactocarps. A phylacto- 
carp is usually a modified hydrocladium or consists of accessory branchlets 
to a hydrocladium. Starting out as branches set aside for the bearing 
of gonangia and often characterized by an abundance of nematODhores 
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and a lack or reduction of hydrothecae, phylactocarps reach a high degree 
of development in such genera as Aglaophenia (Fig. 113C) and Theocarpus 
where the modified hydrocladium bears leaf-like outgrowths that arch 
over the gonangia, forming a basket or corbula. This is termed open 
when the “leaves” are separate, as in Theocarpus (Fig. 128C), closed 
when they are fused sidewise into a pod-like case enclosing the gonangia 
as in Aglaophenia (Fig. 128 A). 

The Hydroida are commonly dioecious, and all the medusae, gono- 
phores, and sex cells produced by one colony are of the same sex. Male 
and female gonophores may differ in appearance, as in Eudendrium 
(Fig. 1260, E). Some species are monoecious, and cases occur in which 
gonophores of both sexes bud on one hydranth or blastostyle or even 
in which eggs and sperm develop in the same gonophore. Sexual differ- 
entiation is well fixed in dioecious hydroids and is inherited in asexual 
reproduction. Fovn mingled the cells (obtained by squeezing stems 
through bolting cloth) from male and female colonies of the dioecious 
Clava squamata and obtained some hermaphroditic colonies among those 
regenerated from such masses. 

When a gonophore bud transforms into a typical free medusa, its 
development proceeds as follows (Fig. 129). It begins as a protuberance 
composed of epidermis and gastrodermis. Very early in many forms, 
the epidermis splits off an outer layer that takes no part in further 
development but remains as a sheath or mantle enclosing the developing 
gonophore (Fig. 127D). The epidermis at the tip of the gonophore bud 
proliferates a group of cells that invaginate and roll up into a sphere; 
this is known as the entocodon (“ Glockenkem ” of German writers) 
and is the primordium of the subumbrella (Fig. 129A-C). The gastro- 
dermis now pushes out around the entocodon into four tubes destined to 
become the radial canals; it also projects centrally carrying the entocodon 
before it to form the primordium of the manubrium (Fig. 129D, E). The 
surface epidermis of the gonophore then invaginates, forming with the 
adjacent epidermis of the entocodon a double epidermal plate, the velar 
plate (Fig. 129F)- The gastrodermal lamella arises by outgrowth from 
the radial canals as a single plate of gastrodermis, being never double as 
often stated. The tips of the radial canals fuse sidewise to form the ring 
canal. The medusa is completed by the rupture of the center of the velar 


Fig. 127.— Thecate gonangia. A. Branch of SertuUxHa with gonangia. B. Gonangium 
Of Campanula™ wnh sessile female gonophores. C. Gonangium of Halecium topped by- 
two polyps. D. Gonangium of Obetxa, with developing medusae. E. Sprig of Plumuiana 
with gonangia. F Enlarged male gonangium of the same. G. Enlarged female eonan- 
eum of same. Uh 3, from life.) H. Coppinia of Lafoea. (After Pictet and Bed* 1900 ) 

h' J ar l° f a 3e f 10n thr ° ugh the cop P‘ n ' a - Ufter Suttino. 1S99.) 1, gonangia- 2 ordinal 

3 ’ g ° Q n0theCa ' 4l gonophore; 5. blastostyle; 6, polyps: 7. developing planuUe’- 

it h f^ d i^ Um: 9 ’ f onophores developing into medusae covered by a mantle *0 spadii 1 
11, testes; 12. special protective hydrothecae: 13 ^ <Ux ’ 
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plate, freeing the velum, by outgrowth of tentacles and other marginal 
structures, and by narrowing of the stalk attaching it to the blastostyle. 
This stalk finally constricts through, the sheath if present ruptures, and 
the gonophore is freed as a complete medusa. Each gonophore becomes 
a single medusa. Often the medusa later increases in size and may 
develop additional tentacles, radial canals, and marginal structures. 

In the majority of the Hydroida. however, the gonophores do 
not develop into free medusae but remain attached as sessik gonophores 
in which the sex cells ripen and the embryos develop. Some species 
constitute transitional cases in that the gonophores sometimes detach 
as free medusae and sometimes fail to do so. Examination of the struc- 
ture of sessile gonophores reveals that they represent reduced medusae 
and that various stages in this reduction process can be recognized. 
The least modified or eumedusoid type of gonophore 'Fig. 130.4) may 
quite resemble a developing medusa but never puts forth tentacles and 
other marginal structures. Occasionally such eumedusoid gonophores 
detach as medusae but, lacking a mouth, cannot survive long. As a 
variant of the eumedusoid type, the manubrium may fail to develop, in 
which case the sex cells occur on the radial canals of the gonophore. The 
next or cryptomedusoid stage (Fig. 130B) lacks velar invagination and 
radial canals, having a simple gastrodermal layer in the gonophore wall. 
In the final stages of reduction, the gastrodermis remains inactive at 
the stage of the original simple evagination. These types are classified 
as heteromedusoid (Fig. 130 E) when traces of the entocodon are present 
and styloid (Fig. 130C) where the gonophore has failed to develop beyond 
the original epidermal-gastrodermal protuberance. Finally in some 
cases all traces of gonophore evaginations have vanished, and the sex 
cells ripen directly on the sides of the blastostyle (Fig. 130D). These 
last three reduced types are often called sporosacs. and the central core 
on whose surface the sex cells ripen is termed the spadix (Fig. 130Z>). 
The type of gonophore formed by hy droids bears no relation to their 
systematic position \ among closely related forms some mav give off 
typical medusae while others produce sporosacs. Not infrequently 
the male and female gonophores of one species belong to different types. 

This lack of relation of gonophore type to hydroid introduces many 
taxonomic difficulties. Often closely related hydroids produce very 


. UX . — .Protective devices, budding medusa. .4. A corbuia of Ayiaopkmia . dosed 
(After A i M ing, 1900.) B. Orthopyri t. from life, with hydrerhiaal gonangia which 
1 / jLNTj acroc VSt3- C. Open type of corbula, Th*ocarput. i After Suiting, 1900.) D 
Hyboeodon , budding medusae from the tentacular huibe. ( After Mayer. 1910- 1 E and F 
Gonangia of Goncthyraen. from life: E. before and F. aiter. emission of the medusoi d gono- 
acting as brood sacs. G. Gonangium of Diphatia with brood chamber of chitinous 
preserved. 1, acrocyst; 2. developing planulae: 3. gonangium: 4, acrocyst before 
emisaon; 5 neratocyst tracts; 6. tentacular bulb; 7, young medusae: 8. gonophores before 
discharge; 9, discharged gonophores (meconidia); 10, leaves of brood chamber 
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different free medusae and vice versa, so that the medusae may be classi- 
fied into a different family from the hydroids which bore them. In the 
case of many medusae, the hydroid stage has not been as yet identified, 
but since no hydroid medusa is known to develop directly from the egg, 
the existence of a polyp stage is always to be assumed. Because of these 
difficulties it is still necessary to classify the polyps and the medusae 
separately, and often the medusa bears a different generic name from its 
hydroid. 

Medusae can arise not only by the transformation of gonophore 
buds but also by asexual budding from other medusae (Fig. 128D). 
This happens most commonly in the Anthomedusae, in such genera as 
Ralhkea (includes Lizzia), Sarsia, Corymorpha, Hybocodon, Bougaintrillia, 
and others; very rarely do the Leptomedusae bud. The buds form on 
manubrium, bell margin, tentacular bulbs, radial canals and other sites 
and appear in an orderly sequence. Medusae usually develop from such 
buds in the same way as they do from gonophore buds; but in some cases 
it appears that the buds are wholly ectodermal. In one species ( Phialid - 
ium mccradyi), gonads may sprout out into blastostyles that give off 
medusae. One or two cases are known of longitudinal fission in hydroid 
medusae. 

4. Sexual Reproduction. — The sex cells of the Hydrozoa are com- 
monly stated in books to be of epidermal origin; but in fact they usually 
develop from interstitial cells located in either epidermis or gastrodermis. 
They may also descend from ordinary epidermal or gastrodermal cells, 
either directly or after a mitosis in which one daughter cell becomes a 
germ cell and the other remains a body cell. The sex cells often begin 
their differentiation at some distance from the gonads, into which they 
later wander by more or less definite routes. They complete their 
development in the base of the epidermis of the gonad, next to the meso- 
lamella. The aggregation of young spermatogonia develops into sper- 
matozoa of the ordinary flagellate type by a typical spermatogenesis. 
Of the many young ovocytes in an ovary, only a few (sometimes one) 
mature into ova; the others are engulfed by or fuse with the future ova 
or break down to serve as food for them. Adjacent body cells may also 
be utilized as food by the ova. The gonads can scarcely be designated 
organs, being merely accumulations of sex cells in definite sites. In 
the Anthomedusae the gonads are typically situated on the sides of the 
manubrium, and in the Leptomedusae on the under surface of the radial 
canals but exceptions occur. In a few hydroids in which all trace of a 
medusoid generation has been lost, the gonads develop directly in the 
epidermis (hydras) or the gastrodermis ( Protohydra ) of the polyp. Other- 
wise the gonads are confined to medusae or sessile gonophores. 
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In many medusae the eggs are shed into the sea water, but in others 
they develop in situ to a late stage. In sessile gonophores the eggs 
develop to a planula or later stage inside the gonophores. In some 
medusae of the family Cladonemidae development occurs in the summit 
of the bell in a brood chamber formed by extension of the subumbrellar 
cavity (Fig. 126*4). Special brooding arrangements also exist in some 
hydroids. Thus in the sertularian genus Diphasia, chitinous leaves 
sprout from the summit of the female gonotheca and arch over to form 
a brood chamber (Fig. 128G). A chitinous sac, the acrocyst, in which 
development is completed may protrude from the gonangium as in 
Orthopyris (Fig. 1285). In Gonothyraea the very medusoid gonophores 
emerge one by one from the gonangium and act as external brood sacs, 
called meconidia (Fig. 1285, F). 

Cleavage is indeterminate, holoblastic, adequal, and radial. The 

blastomeres are often very loosely associated and seemingly without 

definite arrangement. An adequal coeloblastula is usually formed, 

and this is a free ciliated larva in cases where the eggs are shed. The 

entoderm never arises by invagination. In blastular larvae, it forms by 

unipolar digression at the posterior end; where the blastula stage is 

passed inside gonophores as in the vast majority of the Hydroida, the 

entoderm usually originates by multipolar ingression (Fig. 131C). 

Primary and secondary delamination also occur. In a few forms with 

very yolky eggs, the ectoderm arises by superficial cleavage and the 

entoderm is a central syncytial mass on whose surface an entodermal 

epithelium later differentiates. In any case, a stereogastrula results 

that is ordinarily set free as a ciliated mouthless larva termed a planula. 

The planula (Fig. 131.4) is an elongated polarized organism with a broad 

anterior end, narrow posterior end, and a columnar ectoderm enclosing 

an entodermal mass. It possesses considerable cellular differentiation, 

having nerve, sensory, and gland cells, muscle extensions, and nemato- 

cysts (Fig. 131 H). Sensory and nerve cells are more numerous at the 
anterior end. 


After leading a free life for a few hours to several days, the planula 
fixes to some object (Fig. 131D) by its anterior end (sometimes the side). 
Meantime the entoderm mass has arranged into a regular epithelium 
lining the gastrovascular cavity. In the athecate and many of the 
thecate hydroids, the attached planula then develops directly into a 
hydranth by putting out tentacles, forming a mouth at its apical (orig- 
inally posterior) end, and sending out stolons from its base (Fig. 1315- 


tchiTuita. half of a gonangium. showing trace of entocodon. (After 
GoetU, J07.) Entocodon stippled in A and B. 1. entocodon; 2. radial canal- 3 manu- 
brium; 4, epidermis; 5. gastrodermis; 6. eggs; 7. gaatrodermal lamella; 8, spadia- 9 teatia- 
10, gonotheca; 11, gonophore evagination of gaeUodermia; 12. trace of entoeodok. ’ 
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G). From this single polyp the entire colony then originates by growth 
and budding. In the higher thecate forms such as the plumularians, 
the planula itself never changes into a polyp, but its free end becomes 
a continuous growing point leaving behind a stem from whose sides 
polyps and branches arise (Fig. 131 J-L). In occasional cases, the planula 
transforms into a hydrorhiza, which buds off the colony (Fig. 13131-0). 

In some hydroids, as many Tubulariidae and Myriothela, the planula 
remains in the gonophore and develops further into an adinula, a 
tentaculate larva resembling a short, stalkless polyp (Fig. 13L P-R). 
This becomes free, creeps about, attaches, and develops directly into a 
polyp. 

The rear end of the planula becomes the oral end of the poh*p; but 
t his reversal of polarity is only apparent, for the original polarity estab- 
lished by the attachment of the egg in the gonophore reasserts itself 
eventually. The free pole of the egg while in the gonophore is the animal 
pole, rear end of the planula, and oral end of the resulting polyp (Teissier). 
This polarity appears to constitute the only definite organization of the 
hydroid egg; for single blastomeres, groups of blastomeres, or portions 
of blastulae develop normally like whole eggs. ~~ 

5. Order Hydroida. — The order Hydroida, to which the foregoing 
account of polyp and medusa chiefly applies, includes the majority of the 
Hydrozoa. The hydroid types are divisible into the athecate (Gymno' 
blastea) and thecate (Calyptoblastea) forms. The former are classified 
chiefly on the basis of tentacle type, the latter on the form of the hydro- 
theca and manubrium. 


To the Athecata belongs the fa mil y Hydridae, comprising the hydras, 
with numerous species common in ponds and lakes throughout the world. 

as the green 

sima) and the brown hydra ( Pelmatohydra oligadis ) but the majority 


hydra ( Chlorohydra riridis- 


Some species are cosmopolitan, 


are limited to continents or parts of continents; of the eight species 
known to occur in the United States, only the two just mentioned are 


also found in other countries. 1 The body or column is a few to 15 mm. 


or more long and is differentiated into a manubrium (or hypostome ) 
bearing a circlet of tentacles, mostly five or six in number, a stomach 
or gastric region, the stalk, and the pedal disk (Fig. 132D). Each of 
these regions has special histological peculiarities. The gastrodermis 
of the manubrium is composed largely of mucous gland cells (Figs. 107 E 
and 108A), which presumably play a role in the swallowing of food; 


1 For the taxonomy of American hydras consult the author’s papers in the Trans. 
Amer. Micros. Soc. 


spadix planula. and young actinula; Q and R. later stages of the actinula, removed from 
gouophores. 1, spadix; 2, planula; 3, young actinula; 4, sensory cell; 5. gland cells ol 
ectoderm; 6, gland cells of entoderm; 7, ganglion cells. Periderm in black. 







METAZOA OF THE TISSUE GRADE OF COS ST RUCTION 437 


that of the gastric region, where digestion takes place, contains enzy- 
matic gland cells, probably of two sorts (Fig. 107F); that of the stalk 
region lacks gland cells or digestive power and is highly vacuolated 
(Fig. 107 G); and the pedal disk is distinguished by its secretory epidermis 
(Fig. 107 H) producing an adhesive substance for attachment. The 
mouth on the summit of the manubrium has at rest a folded star-like 
shape (Fig. 108A) and is capable of great distension. The hollow, 
highly extensile tentacles are no longer than the column in some species, 
1% to 5 times its length in others. They are armed with batteries of 
nematocysts, each enclosed within a single epidermal cell (Fig. Ill F). 
All hydras have four kinds of nematocysts (Fig. 110D-3/, page 386). 
The stalk is very slender and obvious in some species, separated for that 
reason into the genus Pelmatohydra (Fig. 132D), less noticeable in others, 
retained in the genus Hydra , strict sense (Fig. 132.4). The epider- 
mis of the pedal disk not only secretes a substance enabling the disk to 
adhere to objects, but its central part Is able to secrete gas (Kepner and 
Thomas, 1928). The gas bubble is held inside the adhesive secretion and 
enables the hydra to float to the surface and remain there suspended. 
The gastrodermis of the pedal disk also presents some peculiarities, con- 
taining many inclusions, probably of the nature of food, and having well- 
developed muscle extensions. In at least some species, there is a pore 
through the center of the pedal disk which may be completely closed 
during ordinary attachment (Kanajew, 1927). 

Besides the regular asexual budding at the junction of gastric region 
and stalk (page 409), hydras sometimes undergo transverse and longi- 
tudinal fission but probably only as sequels to abnormal regenerations, 
persistence of buds, or other atypical conditions. A persistent bud will 
come to equal the parent in size, and the animal then appears to be a 
double-headed hydra. Such specimens then divide longitudinally to 
the base and eventually separate into two hydras. Abnormal specimens 
with double basal ends also split longitudinally toward the oral end. All 
longitudinal fissions are probably of this kind. Abnormalities that lead 
to fission probably in all cases result from a preceding period of depression 
(page 487). The author found that dnnhlpH nart.5 Q nrl ntKor 


ff J^ G 'to 2 '7 Am t riC ^ } ydraa \ from We or aildes - A - -'We of the ewift water hydra. 
FemX r» ^ '?'****?• f hermaphroditic species, with sex organs. C. 

0 *. Hyd ™ luto l aiu - with a developing egg enclosed in the spiny theca. D The 

worm! P *; Th * after ingestion of a 

eee G TWftln ■ 82 ° f j USt af \ er extrusion * showing epidermal cup that holda 

Embryo oSS ° ** 8mooth helmet-shaped theca. H. 

J ' v f Pdmatoh V dr * olvaetu. testes lack nipples. 1, hypostome with 
SS25 regl ° n: 3 ' 8taIk ; 4 - Pe«W disk; 5. testes; 6 bud; 7, yoW^var^T 

10. embryonicThL ; iTembTyo^epSml ° Vary ’ «truded ; 
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ties occur in nature in the ratio of about one per thousand (Hyman, 

192S). 

The food consists of a variety of small animals such as crustaceans 
(except ostracods), insect larvae, annelid worms, etc., and the larger 
species may even subdue and ingest newly hatched fish and tadpoles. 
The prey on striking the tentacles is held and quickly paralyzed. Ani- 
mals much larger than the body diameter can be ingested, and the gastric 
region is capable of incredible distension. Extracellular digestion is 
completed in several hours, and indigestible portions of the prey are 
ejected through the mouth. 


Sexual reproduction is seasonal, generally occurring in autumn or 
early winter as a consequence of lowered temperature; but in some 
species comes in spring or early summer, apparently in response to rising 
temperature. In some species gonads can be regularly induced within 
2 or 3 weeks by experimentally altering the temperature. Whether 
feeding or starvation can induce the sexual condition is doubtful, since 
experiments on this point are indecisive. In laboratory cultures, 
hydras frequently become sexual without apparent cause. The gonads 
consist of accumulations of epidermal interstitial cells that cause the 


epidermis to bulge into elevations supported by the stretched epidermal 
cells. The testes are conical protrusions often provided with a nipple 
for the exit of the sperm (Fig. 132A) ; but such nipples are lacking in the 
brown hydra ( PelmcUohydra oligadis, Fig. 132 J). In the ovary the 
interstitial cells fuse with or engulf each other, and a single large food- 
filled ovum results (Fig. 132B). This is forced into a scaUoped shape 
(Fig. 132B) usually but falsely considered to be an amoeboid phase, by 
the supporting columns of epidermal cells coursing through the ovary. 
The majority of hydra species are strictly dioecious, but some are her- 
maphroditic. In dioecious species the testes occur throughout the 
gastric region (Fig. 132.4); in hermaphroditic species they are distal 
near the oral end (Fig. 132B). The ovaries are commonly proximal 
near the budding zone, but in dioecious species may spread throughout 
the gastric region. 1 Each hydra produces a succession of eggs. In 
some specie, only one egg ripen, at a time, and 2 or 3 days elapse between 
successive eggs ; in other species a number of eggs npen simultaneously. 

When the egg is ripe it bursts through the epidermis, which | 

»Xd protruded egg must be fertilised within a short rime or * 

When fertilized it cleaves into equal blastomeres; entoderm format,! > 
occurs by ingression and primary delamination (Fig. i4S, <T I so that 
stereogastnila lesults (Fig. 132H). During late cleavage the emtoyo 

, cv-rtw occur on the stalk region, as represented in some current textbook 


figures of hydra. 
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secretes upon its surface a sticky material, presumably chitin, which 
hardens into a yellow shell, the embryonic theca. The form of the theca 
varies with species and constitutes an important taxonomic character; 
the theca may be spiny or smooth, spherical or plano-convex (Fig. 132C, 
G, E ) . After completion of the theca, the embryos drop off or may be 
fastened to objects during the sticky phase of the theca. These thecated 
embryos will endure drying and probably freezing and have a dormant 
period, lasting 3 to 10 weeks. Before hatching the theca softens and 
turns white, probably as a result of enzyme action, and finally cracks, 
permitting the escape of the embryo. The latter is already considerably 
differentiated, having a coelenteron and indications of the tentacles. 
The body soon elongates and the tentacles grow out (McConnell’s 


account, 1938). 

The similarity of their nematocysts to those of marine athecate 

hvdroids indicates a derivation of the hydras from the latter. 

Protohydra, a small solitary form, to 3 mm. long, resembling a hydra 
without tentacles (Fig. 133.4), inhabits tide pools and coastal swamps 
along the shores of Great Britain and northern Europe. It feeds vora- 
ciously on nematodes, crustaceans, worms, etc., and multiplies by trans- 
verse and longitudinal fission. The animal is dioecious, with a single 
gonad that originates in the epidermis but bulges mto the gastrodenms 
when ripe. The finding of sexual individuals (Westblad, 1930, 1935) 
prove* that Protohydra lacks a medusoid stage, and its nematocyst 
types-stenoteles and isorhizas-indicate affinity with the Gymnoblastea 

The family Corvnidae includes athecate hydroids with scattered 
capitate tentacles ai Coryue, Syncoryne (Fig. UW) and the hytotd 
stages of some clndonemid medusae. The .elated MyruXMa often 
placed in a separate family. Myriothelidae, a small solitary hydroid 
(Fig 133C) attached by a short base, has a long manubnum covered with 
short tentacles and bears gonozooids on the gastnc region. Some ^species 
are hermaphroditic, others dioecious. In some species as in Fig- 133C 
long-talked suckers (“elaspers”) occur among the gonozooids, these 
reach over and grasp the eggs as they rupture from the gonophores of the 
gonozooids and hold them until they develop into an actmulak^^ 
The family Pennariidae, characterized by dis c P Penna na 

adhering to the mud in shallow waters by he > p^nderm riibe^ J 
the pointed stem, He eteroste! phanus also^ob tary u, noteWorthy 

basal end. a* is usual in hydroid budding. 
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The Tubulariidae are distinguished by oral and proximal circlets of 
filiform tentacles, the grape-like bunches of gonophores, and in many 
species, the stem structure (Fig. 1195). Tubularia (Fig. 114C) forms 
loose racemose colonies of long-stemmed pink hydranths. Here belong 
the largest hydroids, solitary forms with basal holdfasts: Coryrnorpha 
to 10 cm. in length (Fig. 119.4) and the gigantic Branchiocerianlhus, to 
2 m. in height, with bilaterally arranged gonophore clusters and tentacles. 
The small solitary Hypolytus, living on mud bottoms along the New 
England coast, constricts off successive oval bodies from the basal end 
of the stem (Fig. 1335) and these regenerate into young polyps. Edo- 


pleura and Trichorhiza are other solitary tubulariids, having a slender 
stem of which the lower end coils around objects. The pelagic hydranths, 
Margelopsis and Pelagohydra, may be considered here. The former, 
resembling a Tubularia head, breaks loose from the colony and leads a 
floating existence. The curious Pelagohydra (Fig 134.4), taken only once, 
on the New Zealand coast (Dendy, 1902), appears to be a true pelagic 
hydranth. Its basal region, bearing tentacles and blastostyles, and 
separated by a diaphragm from the distal digestive region, is greatly 
expanded into a float whose wall is provided with gastrodermal canals 
and whose cavity is crossed by radiating partitions. 

Scattered filiform tentacles characterize the family Clavidae, exempli- 
fied by Clava (Fig. 1 135). Cordylophora, the only fresh-water colonial 
hydroid, found in rivers and brackish inlets, forms typical branching 
colonies with sporosaes on the hydranth stems. 


The Bougainvilhidae have an elongated manubrium with a smgle cir- 
clet of filiform tentacles. Typical forms are Bougainrillia (Fig. 126C), 
Perigonimus (Fig. 1265), and Hydractinia (Fig. 118C-F). In Dicoryne ’ 
the ciliated sporosaes become free and swim about (Ashworth and 
Ritchie, 1915). The curious Clathrozoon (Spencer, 1890) forms rhizo- 

caulomic colonies (Fig. 1165) protected by numerous tiny dactylo- 
zooids (Fin-. 118(5 


The Eudendriidae include only Eudendrium, forming loose racemose 
colomes (Fig. 113.4) with characteristic male and female gonophores 

( , g ' 126 A #)• The pink hydranths have a globular manubrium and 
a single circlet of filiform tentacles. 


The medusae of the athecate hydroids, termed Anthomeiusae, have 
all bells, manubnal gonads, usually ocelli on the tentacular bulbs and 
no statocysts. The family Codonidae includes forms with mostly four 
simple radial canals, one, two, or four simple tentacles, and ring-like 
ffonads. Typical examples are Sartia (Fig. 120G) and the very similar 

C< X‘\ 5 ’ etc > ™ th equal long tentacles, from the Syn- 

aid th hydr ° id; Sleen * tru 1» a (Fig- 1215) with one 

long and three abortive tentacles from Coryrnorpha (Fig. 119 4 hut 
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34 — Hydroida (continued). A. Pdaoohydr*. „ < )*>■ LoZdl* 
C. StavruKa by droid of S«^ (Aft* 

showing operculum. (AfUr (m lAaia) showing budding 

Hinck*. 18S6.) F. Poivarchu. f™“ ^n l iionopbora developing into medusae. % 
, roI n caX. 6. medusae budding from manubnum 
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some species of Corymorpha do not give off medusae); the medusae of 
Pennaria (Fig. 1205) with four abortive tentacles; Hybocodon, from a 
Corymorpha-like hydranth; and Hydrichthys with a hvdroid stage para- 
sitic on fish (Fig. 1365). Some of these medusae reproduce asexuaUy 
by budding off other medusae; thus several species of Sarsia bud medusae 
from the long manubrium or from the tentacular bulb; and Hybocodon 
prolifer (Fig. 128 D) buds them from the tentacular bulbs. The medusae 
of the pelagic hydroids Margelapsis and Pelagohydra (Fig. 134.4) belong 
here but differ from typical Codonidae in having clustered tentacles. 

The anthomedusan family Cladonemidae presents several peculiar- 
ities. Gemmaria (Fig. 121 E) has two and Zanclea four tentacles pro- 
vided with nematophores ; the hydroid stage is of the Syncoryne type. 
In Cladonema with branched tentacles (Fig. 121.4) some of the branches 
may end in suckers; the hydroid is Stauridia (Fig. 134C). Ehulheria 
(Fig. 126.4) from the hydroid Clai'atella (Fig. 134 E) has forked tentacles 
with one fork terminating in a sucker, the other in a nematocyst knob. 
This genus does not swim but walks about on the suckers. Cladonema 
and Eleutheria are both hermaphroditic, and the latter broods its young 
(page 423, Fig. 126.4). The recently discovered Odnautes (Damas, 1933) 
has a gastrodermal float above the stomach. The minute Mnestra 
with abortive tentacles and gastrodermal canals replacing the manubrial 
cavity lives fastened to the throat of the snail Phyllirhoe on whose 
tissues it apparently feeds (Fig. 136C). 

In the following anthomedusan families, the gonads form swollen 

corrugated masses on the stomach walls. The Tiaridae without oral 

tentacles are represented by Stomotoca (Fig. 1215) with two tentacles, 

and Leuckartiara (= Tiara, Fig. 120 E) and Xeoturris ( = Turris) with 

four or more tentacles, all from Perigonimus (Fig. 1265). In the Mar- 

gelidae there are oral tentacles and single or clustered marginal tentacles. 

Tumtopsis vith eight and Oceania with numerous single tentacles come 

from Clava like hydroids. BougainviUia (Fig. 120.4) has four and 

Rathkea (includes Lizzia) eight tentacle clusters (Fig. 1346') ; the latter 

is noted foi its habit of budding medusae from the manubrium (Fig. 1346 1 ) 

The Williidae are characterized by their branched radial canals, each 

branch terminating in a tentacle, and their cnidothylacies, clusters of 

nematocysts on the bell enclosed in gastrodermal canals; Proboscidadyla 
is representative (Fig. 135). 

According to the studies of Weill on their nematocysts, the Gymno- 

blastea are a heterogeneous group. Desmonemes and stenotefes are 

characteristic, but both are lacking in Eudendrium . which together with 

C!ava, Hydrachnia, and some related forms, possesses microbasic eury- 

ees. The combination of desmonemes, isorhizas, and stenotefea 
characteristic of the hydras also occurs in Tubularia. 
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The principal families of the calyptoblastean hydroids sue: Campan- 
ulinidae, Lafoeidae, Campanulariidae, Bonneviellidae, Haledidae, 
Sertulariidae, and Phmmlariidae . In the first, exemplified by Campan- 
ulina and LoveneUa (Fig. 134D), the hydranths have small manubria, 
and the hydrothecae are provided with a characteristic lid of several 
narrow pointed sectors. The Lafoeidae have elongated tubular hydro- 
thecae without a lid (Fig. 1342?) and gonangia in coppinia masses (page 
426, Fig. 127J5T). To the Campanulariidae with globular manubria and 
goblet-shaped hydrothecae belong many of the most f amili a r hydroids, 
as Obelia (Fig. 127D), with free medusae; Campanularia (Mg. 127 B) 
with sessile gonophores ; Clytia (Fig. 1 152S) with hydrorhisal colonies and 
free medusae; Orthophyxis (Fig. 128E) with acrocysts; and Gonothyraea 



Proboscidactyia, from life, Puget Sound, showing branched radial 

cnidothylacies. 1, cnidotbylacies. 


canals and 


with external medusoid gonophores (Fig. 128 F). The Bonneviellidae 
comprise the single genus Bonneviella, remarkable m the preface a 
velum-like membrane above the mouth. The Halecudae are known by 
the reduced hydrotheca (Fig. 1174), too small to 

The Sertulariidae have a stiff feathery type of growth (Fig. 136 A) and 
curved tubular sessile hydrothecae with a lid of one to four pieces- 
Common genera are Diphasia (Fig. 128(7) and Abietinarta, with oneflap 

to the lid (Fig. 115B); SertulareUa. (Fig. 115C), hvdrothecS’ 

and Thuiaria, with one or two flaps and alternate hydrothecae. Th 

/'■RSfr 127A1 The Plumularudae are known 
gonothecae are vase-like (Pig- 1 AiA). „ 4ns 

hv the feathery form (Fig. 113(7), type of colony growth 

Fhr 1 17m. sessile bell-like hydrothecae fastened along one surf 
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(Fig. 115F), and nematophores (Fig. 1172?). Among the familiar genera 
are Plumularia and Antennularia , without special modifications for the 
gonothecae (Fig. 1272?) ; Schizotricha , with gonothecae on special branch- 
lets; and A glaophenia (Fig. 128A) with closed, and Theocarpus (Fig. 128C) 
with open corbulae. 

The majority of the Calyptoblastea lack free medusae. The medusae, 
known as Leptomedusae, typically have saucer- to bowl-shaped bells 
with gonads on the radial canals, statocysts, and mostly numerous ten- 
tacles. The families Laodiceidae and Thaumantiidae show affinities 
with the Anthomedusae in lacking statocysts and often possessing ocelli 
on the tentacular bulbs. The Laodiceidae, exemplified by Laodicea, 
Siaurophora y and Ptychogena , are distinguishable from all other Lepto- 
medusae by the cordyli or sense clubs (Fig. 1242 r ) at the bases of some of 
the tentacles. The Thaumantiidae lack cordyli and statocysts but 
otherwise are a rather artificial assemblage; Melicertum with eight radial 
canals and Poly orchis (Fig. 134F), with long filamentous gonads and 
branched radial canals may be mentioned. The Mitrocomidae are 
characterized by the open type of statocyst (Fig. 124.4, B ) and include 
Mitrocoma , with large flat bell and four radial canals ; Halopsis, with about 
12 to 16 radial canals; and Tiaropsis y with four canals and eight remark- 
able ocelli (Fig. 123 E). The Eucopidae with typical closed statocysts 
(Fig. 124C), no ocelli, and mostly four radial canals include some of the 
most common medusae, as Obelia (Fig. 1362)), with eight, Clytia , with 
sixteen, and Phialidium (Fig. 1362?), with many statocysts; and a group 
of forms exemplified by Eutima (Fig. 120 F), in wffiich the manubrium is 
at the end of a long pseudomanubrium , or peduncle. Obelia medusae 
(Fig. 136 D) are peculiar in lacking a velum, winch aborts during the 
growth of the gonophores. The hydroids of the Eucopidae belong to 
the families Campanulinidae and Campanulariidae. The Aequoridae 
with numerous radial canals include Aequorea (Fig. 121C) without, and 
Zygodadyla with, radial row^s of warts on the subumbrellar surface. 

As judged by their nematocysts, the Calyptoblastea are a homo- 
geneous group. The characteristic nematocyst is the basitrichous 
isorhiza, and many forms have only this type. Atrichous isorhizas 
and microbasic mastigophor es are common; stenoteles are lacking. 
Halecium differs from all other genera in possessing microbasic euryteles. 

The Hydroida are almost exclusively marine and are among the 
most common animals encountered at the seashore. They are typically 
inhabitants of shore and shallow waters from low-tide level to depths of 
50 to 100 m. The hydroid stage is with few exceptions immovably fas- 
tened to rocks, wharves, shells, seaweeds, other animals, or any firm 
object. On suitable bottom, hydroids may extend into deeper waters* 
the plumularians in particular, among the most common of hydroid forms’ 




446 THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 


may go down to 1000 m. or more. Corymorpha and similar types, which 
ran attach to soft bottoms, often occur in deeper waters: Branchio- 
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fresh-water forms, as the hydras and Cordylophora ; and pelagic types 
(page 441). The colony form can be much altered by environmental 
conditions, particularly currents and wave action. Some species and 
genera have a very wide distribution, while others are more or less 
zoned with relation to latitude, probably in response to temperature. 
The group reaches its greatest abundance in temperate and cold zones 
where single species may cover large areas of bottom. 

Hydroid colonies are mostly of small to moderate size, varying from 
a few mil l im eters to 2 or 3 dm. in height. The largest colonies occur 
among the Plumulariidae, which may attain a length of 1 or even 2 m. 
The individual hydrant hs are generally small or microscopic but the 


solitary corymorphid types may attain a large size (page 441). 
Hydrant hs are usually white or of delicate coloration such as pink and 
violet; steins and stolons are brown from encasing periderm. Little is 
known of the length of life of marine hydroids, but probably the 
hydranths are short lived, while the coenosarc may survive for long 
periods, regenerating hydranths under favorable conditions. Hydras 
have been known to live for more than a year in laboratory" conditions. 

Because of their sessile habit, hydroids are apt to enter on definite 
relations with other organisms. Thus a number of hydroid species are 
found only on the floating alga Sargassum (Fig. 116C). Commensalism 
with other a nimals is of wide occurrence; one species Is commensal with 


a gorgonian, and others seem to be constantly associated with particular 
sponges, mollusks, fish, etc. One of the most familiar associations is 
that of Hydraciinia with snail shells (Fig. 11SC). In temperate regions, 
Hydraciinia colonies regularly grow on snail shells occupied by a hermit 
crab, while in the arctic the shells of live snails are utilized. The rela- 
tion is not, however, obligatory as colonies are frequently found attached 
to inert objects. Hydraciinia has two sorts of dactylozooids, the spiral 
zooids and the tentaculozooids (page 409, Fig. 118D, E) The spiral 
zooids occur only in colonies fixed to shells occupied by hermit crab, and 
are generally limited to the colony edge of the shell mouth The tentac- 
T°° ldS ' ° f ; proved function, occur in young, growing areas of the 
coionj. schijfsma s experiments (1935 . indicate that crabs do not select 
she Is bearing a Hydraciinia colony, that Hydraciinia planulae do not 
preferably settle on shells occupied by crabs, and that Hydraciinia gen- 

Wl 7 Th UreS ^ °" D ) f00d ' alth ° Ugh sometimes Partaking of the crab’s 
food. The spiral zooids surprisingly inert, were seen to lash out only to 

shell movement or sudden retreat of the crab into the shell A certain 
degree of mutualism is indicated. In 


Ectocommensalism readily merges into ectoparasitism, and some of 
.associations of specific hydroids with specific other animals are proJ 
ly of parasitic nature. The best established case is that _ 



448 THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 


on fish. 


The encrusting hydrorhizal mat sends stolons into the host 
tissues, and the tentacle-less polyps bend over and feed by applying their 
mouths to the injured parts (Fig. 136B), sucking in blood and tissues. 

Svmbiotic algae occur in several Hydroida, notably in the green 
hydra, which owes its green color to gastrodermal zoochlorellae. Its 
algae can be cultivated apart from the hydra and seem to be identical 
with free algae of the genus Chlorella. The relation is chiefly to the 
advantage of the algae, although the hydra probably uses dead and dis- 
integrating algal cells as food. Yellow or brown zooxanthellae inhabit 
the gastrodermis of Aglaophenia and Halecium, and zoochlorellae occur 

in both epithelia of Sertularella. 

The hydroid medusae are typical pelagic and plankton animals of 
shore and shallow waters. They swim by vigorous rhythmic contrac- 
tions of subumbrella and velum and thus remain afloat but are powerless 
against currents and winds and are often carried in great numbers into 
bav* and sounds. They may descend during the day or in rough weather 
and ascend at night. They are mostly of minute to moderate size, many 
being less than 10 mm. in diameter and few exceeding 50 mm Among 
the largest forms is Aequorea (Fig. 121 C), with numerous radial canals 
and a disk that may reach 150 mm. across. The bell is generally ^trans- 
parent or milky, but deeper tints often occur in manubrium gonads, and 
tentacular bulbs. Many shed their eggs, apparently fertilized m advance, 
directly into the sea water, often at some definite hour of the day; while 
others retain their embryos to the planula stage, sometimes m a brood 
chamber ( Eleutheria , page 423). Variants from the typical pelade 
habit are seen in the creeping Cladonemidae (page 443) and the paraa 

^^fcondderablfnumber of Hydroida are luminescent; the light comes 
from granules Hi at remain luminescent when rubbed off on the fingen, 
\mong polyps luminescence throughout hydranth and stalk has *** 
‘noted In Campanularia, ObeUa, Sertularia, Plumularia, 

Many hydroid medusae are Th e UgM^mes in mo’st cases 

as^ablue flash on mechanicalor 

electrical stimulation. rhieflv carnivorous, 

Both hydroids and medusae are stnctly or chi y . 

small crustaceans, nematode and annelid worms ^ ^ “abTS^sted. 
Exceptionally, the food conststs of 8ener.ll mUom debrxj ry 
SeZ £%? '1926,. Hydras were made to ingest ttny W 
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of sponge soaked in animal juice and these were pulled out again by an 
attached hair. The digestive juice soaked into the sponges dissolved 
gelatin and fibrin and therefore contained a proteolytic enzyme active in 
alkaline medium (pH 8.0 to 8.2). Hydroids were induced to swallow 
bits of gelatin or fibrin soaked in crustacean juice, and such bits were 
observed to dissolve in a few minutes to an hour in the gastric cavity. 
After such extracellular digestion by a proteolytic enzyme, the food is 
reduced to a broth containing fragments. This broth is driven through- 
out the colony by intermittent convulsive peristaltic contractions of the 
hydranth and in the Sertulariidae by a pumping action of the blind sac 
of the gastric region of the polyp (Fig. 1185). The narrowed junction of 
hydranth and stalk prevents the passage of large particles. In the 
Tubulariidae, the narrowed “neck” below the hydranth was observed 
to be a contractile region forcing the broth into the stalk. The gastro- 
dermal flagella are of some assistance in the circulation of the food. 
The broth is taken into the gastrodermis everywhere in food vacuoles 
and digestion completed in intracellular fashion. Fat droplets are 
ingested and digested by the gastrodermis, and the glycogen of the food 
may be taken in as such and stored; but starches, cellulose, and chitin 
are not digested by hydroids so far as known. In Clava, according to 
Riinnstrom, the gastrodermis spreads out as a syncytial network toward 
the food and digests by direct contact only. 

In several genera of hydromedusae fed animal flesh coated with 
carmine paste, the author found that, within hour after ingestion, 
carmine particles began to spread along the radial canals and in 1 or 2 
hours the entire gastrovascular system was colored red, proof that food 
particles actually are distributed along this system. The carmine 
particles were ingested by the gastrodermal cells and retained for 2 or 
3 days. The chief site of intracellular digestion (as judged by the dis- 
tribution of the carmine particles) is the gastrodermis of the manu- 
brium, stomach, and tentacular bulbs; radial and ring canals are of less 
importance, particularly the radial canals, which in some species took 
up very few carmine grains. Tentacular canals when present also 
ingest particles. The great importance of the tentacular bulbs in food 
digestion has not been hitherto realized; sections show them to be lined 
by a very thick gastrodermis filled with food vacuoles (Figs. 122 B and 
142A). The color often seen in the tentacular bulbs results from food 
remnants and hence is of no taxonomic importance. The beating of the 
numerous flagella could be readily seen throughout the gastrovascular 
system, but in none of the species studied were the flagellar currents 
definitely directed as claimed for Melicertum, where a peripheral current 
along the roof of stomach and radial canals and a central current along 
then floor were reported by Gemmill (1919). Stomach fluid obtained 
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from Aequorea (Fig. 121C) was found to have considerable proteolytic 
and some lipolytic power but appeared to be devoid of amylase. 

The hydromedusae observed by the author ( Sarsia , Fig. 120G; 
Stomotoca, Fig. 121Z); Phialidium, Fig. 1362? ; Aequorea, Fig. 121C; and 
Hdistaura) readily accepted bits of the flesh of freshly killed clams, 
barnacles, shrimps, crabs, and fish, when these were touched to the mouth. 
In nature they were seen with ingested crustaceans and crustacean 
larvae, polychaetous annelids, ctenophores, medusae, and refuse from 
adjacent salmon and pea canneries. Other medusae appeared to con- 
stitute the favorite food of Stomotoca, and the small Phialidium typically 

feeds on microscopic animals and larvae. 

6. Order Milleporina, the Millepores ' This order together with the 
next, both characterized by a massive calcareous exoskelet on^are often 
united into the one order 'Hydrocorallina or even included under 
Hydroida. Recent students of these groups, except Broch who continues 
to maintain that they are Hydroida, agree, however, on the necessity of 


erecting separate orders for them. 

The Milleporina, comprising the single genus Millepora^x^cGmmGn 
throughout tropical seas in shallow waters down to 30 m. They are 
regular components of the fauna of coral reefs, to yshosejo nnation they 
contribute— Q Q smafl j&sre. They form upright leaf-like or brancEng 
c^careousgrowths^Fig. 1374), which may reach a height of 1 or 2 feet, 
or calcareous encrustations over corals or other objects, and are mostly 
white, flesh-like, or yellowish in color. The surface of the calcareous 
mass or coerwsteum is pitted with pores of two sizes: the larger gastropores, 
through which the gastrozooids protrude, and the smaller dadylopores, 
which house the daetylozooids (Fig. 137B). These pores are usuafly 
irregularly scattered but may occur in cychsystevis with several dactylo- 
pores encircling a central gastropore. The pores lead into cavities 

crossed at intervals by horizontal calcareous plates or tabulae (Fig. 137F). 
The minute polyps (Fig. 137C) have been seldom observed in the 

expanded state; probably like many corals they expand only at mght. 
They are said to appear like a white felt on the coenosteum. The gastro- 
zooid is short and plump with four to six tentacles reduced to nematocyst 
knobs The dactvlozooids are slender and mouthless, with a number of 
short!' alternating; hollow capitate tentacles. Both can be completely 
withdrawn into the coenosteum. The latter * clot 
coenosarc having a very tall epidermis and dipping down into be po^ 

whpre it becomes continuous noth the zootd bases ( g- ) 

closaro ramifv in a complicated network throughout the coen^um 

d have — r ath^r.",^ the 

surfaced and Uie ££ * 
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Fig. 13< • Milieponna. A. Piece of dry MWepora, showing trpical flabeilate shape 

^ Same magmned showing pores. C. Polypi of SWUpora. 'After MotiUy, 1876.) £ 
Section through J/tifepora showing one dactylozooid, contracted; coenosteum removed bv 
decaicificatmn. (Ajter Motels 1876.) £. Section through dry coenosteum at right 

^ d? tUbeS CrOSSed by tabuj3e - J ' BMtropore; 2, dactylopoV 

fv, g ^^ ozoold ' 4 ' dactt lozooids: o. epidermis of surface: 6. network of coenosarc tubes 
throughout coenosteum: 7. coeno«arr tuKm — i ^ ^ 
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coenosteum. The eoenosarc tubes secrete the coenosteum, which in 
fact corresponds to the periderm of hydroid colonies. The eoenosarc 
is thickly strewn with zooxanthellae. 

The millepores have two or three kinds of nematocyst s: stenoteles 
and (in at least some species) isorhizas on the polyps, and macrobasic 
mastigophores (Fig. 110/?) at the polyp bases and in the general coe- 
nosarc. This last type of nematocyst is found only in the millepores 
and constitutes one reason for placing them in a separate order. The 
nematocysts are powerful, producing a burning sensation in man. 

Gonophores bud from the eoenosarc tubes in special rounded chambers 
of the coenosteum called ampullae (Fig. 138 A). They become free as 
tinv medusae devoid of velum, tentacles, and radial canals (Fig. 138B). 
The edge of the bell bears four or five nematocyst knobs, and the gonads 
occur on the swollen manubrium. The medusae perish after a few 

hours of free life during which the sex cells are shed. 

7. Order Stylasterina.— The Styla sterina superficially resemble the 
Milleporina, forming upright branchi ng ca lcareflua^growths (Fig. 138C, 
E), often of a pink, red. violet , or purple hue; they live mostly in warm 
tropical and subtropical seas from shallow to deep waters, but some 
extend into temperate zones. An encrusting form, Stylantheea (Fig. 
ia8G), has been found off California. The coenosteum as in MiUepora 
bears gastro- and dactylopores, which may be irregularly scattered as 
in Sporadipora but are generally limited to certain regions of the colony 
and often occur in systems. Usually the coenosteum branches in one 
plane, giving a flabellate type of growth, and the systems are related to 
this plane, occurring only on one face of the colony or limited to the edges 
of the branches. Typically, as in Stylaster (Fig. 138C, D), Alhpora, 
Astylus, Cryptohelia (Fig. 138 H), and others the pores are arranged m 
cyclosystems. The gastropore is a deep cup (Fig. 1395) , usually without 

tabulae and having in its bottom an upright pomted or rounded toot e 
spine, the style (whence the name of the order). The border of the cup 
is deeply grooved, and each groove bears a dactylopore. The dacty 
pores may also be provided with a style, while in some genera, as Astylus, 

pot o" the edge of 6 , he branches in a row P—Wjd - 

by a row of dactylopores. In some genera as Spimpora the dactytopo 

(Fig. 13W) the coenosteum forms a lid-like expansion owe, 

CaC te"”ut gastrozooids (Fig. 139.1) have a few to a number 
short plump solid tentacles. The daetylosooicU (FigMSIM) ^ 
hollow finger-like projections without tentacles The style 0 ^ 
the center of the zooid pushing up the base of the latter into its 
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The typical nematocyst is the microbasic mastigophore ; stenoteles are 
absent. The nematocysts often occur in large clusters on the surface 
of the colony. 

The porous spongy coenosteum is as in Millepora permeated every- 
where with a rich network of coenosarc tubes that have abundant con- 
nections with the surface sheet of coenosarc and with the zooid bases. 
In most species the coenosarc tubes are living throughout the coenosteum. 

The gonophores are degenerate sporosacs and occur in ampullae, 
which usually form noticeable dome-like bulges (Figs. 138 H and 139B) on 
the surface of the colony. The young escape in the planula stage. 



Fig. 1 39. — St vlasteri na (concluded). A. Lengthwise section of a cyclosystem showmg 
g astro- and dactvlozooids in place, and coenosarc network. (After Moseley, 1878, slightly 
altered.) B. Lengthwise section of dry cyclosystem with an attached ampulla. (After 
Moseley, 1S7S.) 1. dactylopore: 2, dactylozooid; 3, coenosarc network; -4, gastrozooid, o, 

cup for gastrozooid; 6, the spine; t , ampulla. 


8. Order Trachylina.— The trachyline medusae are a small group of 
medusoid Hydrozoa that differ from the medusae of the Hydroida in 
the reduction or absence of the polypoid generation and the possession 
of eastrodermal lithocytes. They are divided into two groups, the 
Trachvmedusae and the Narcomedusae. The bell is variously shape , 
craspedote, often of stiff consistency, and in the Narcomedusae has the 
margin scalloped into lappets. The gastro vascular system is of the usua 
type in most Trachvmedusae, having four, six, or eight radial can . 
In L ir i ope (Fig. 146B) and Geryonia (Fig. 140.4), the manubnum is at 

the end of a long subumbrellar extension, the pseudomanubnum, con- 
taining the radial canals. The Narcomedusae lack a manubnum an 
the large round mouth opens directly into a capacious stomach (F fr 
140 B) U'Uallv outpouched into 4, 8, or 16 broad gastnc pockets, the 
ring canal is often reduced to a solid strand or absent; when present 
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follows the lappets in festoons and hence is often termed festoon canal 
(Fig. 141 A), In both groups, numerous blind “centripetal” canals 
may extend from the ring canal toward the summit of the bell (Figs. 
140A, and 145A). 

The tentacles may correspond in number and position to the radial 
canals, or often numerous interradial tentacles of the same or less size 
are present in addition; frequently the young medusae have only four 
or eight tentacles (Fig. 142D) and the number increases with age (Fig. 
142B). The tentacles often spring from the exumbrellar surface, not 
from the bell margin. When numerous they occur in sets attached 
at different levels of the exumbrella. They are hollow in some forms, 
as Gonionemus (Fig. 140D), but in the majority are solid and stand out 
stiffly from the bell. In the family Olindiidae, the tentacles bear near 
their tips a sucker or adhesive pad (“knee”) devoid of nematocysts and 
employed in clinging to seaweeds (Fig. HOC); and tentacle-like out- 
growths terminating in a sucker may even be present (Fig. 14 IB, C). 
The gastrodermal core of the tentacles often continues into the jelly 
as the tentacular roots (Fig. HOB), and in many forms the epidermis of 
the inner face of the tentacle extends on the exumbrella to the bell 
margin as a thick epidermal tract, the peronium , containing nematocysts 
and muscle and nerve fibers (Fig. 14L4). The peronia are limited to 
the Narcomedusae, where they divide up the jelly into scallops (Fig. 
HOB). The peronia terminate in the nettle ring, a thick welt of nemato- 
cysts encircling the bell margin. The peronia and the exumbrellar 
position of the tentacles result from developmental circumstances. The 
bell continues to grow after the larval tentacles have been formed, and, 
to retain connection wnth the bell margin, epidermis and gastrodermis of 
the tentacles lengthen, and the former becomes a peronium. In some 
species the larval tentacles later disappear, but their peronia persist. 

Nematocysts are abundantly present on the tentacles, peronia, 
otoporpae, nettle ring when present, and in some forms in streaks ascend- 
ing the exumbrella. The otoporpae are tracts resembling reduced peronia 
situated above the lithostyles (Fig. 14L4). The Trachymedusac have 
but one kind of nematocyst, the heterotriehous microbasic eurytele 
(Fig. 141D). The Narcomedusae have likewise but one sort of nemato- 
cyst, the atnchous isorhiza (Fig. 141B). Each group is thus homo- 

related 8 itSeUj bUt the tW ° ** Probably not closely 

The Trachylina are histologically similar to the hydroid medusae 
The muscle fibers are >uts of the epidermal cells; they are often strongly 
developed m tentacles, subumbrella, and velum and may be borne on 
mesogloeal folds (< Geryonia ). Gastrodermal fibers are said to be present 
m Geryonia. Sensory cells with long hairs accompany all the nematocyst 
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tracts mentioned above and form a ring external to each nerve ring; the 
sensory tract of the upper nerve ring lies in the nettle ring. 

Ocelli are generally absent, but the group as a whole is provided 

with static organs, which probably represent reduced and modified 

tentacles. They are located between the tentacle bases and are of the 

same or greater number than the radial canals; the number may increase 

with age. The static organs are of two sorts, the lithostyles (also called 

sense clubs and tentaculocysts ) and the statocysts. The former, common 

in the Narcomedusae, are little clubs hanging freely from the bell margin 

(Fig. 141A). Each club (Fig. 142F) springs from a basal cushion or 

eminence of long-haired epidermal sensory cells and consists of a low 

epidermis (usually also bearing sensory hairs) and a gastrodermal core 

of one or a row of lithoeytes enclosing statoliths. In statocysts, the 

lithostyle is partly or completely enclosed in a vesicle derived by the 

folding of the sensory base over the club (Fig. 142B). The sensory hairs 

are lacking in the statocysts of Gonionemus (Fig. 142 B), the statoliths 

in those of Craspedacusta. Statocysts are generally embedded in the 

bell margin. The development of lithostyles and statocysts has been 

followed in several Trachylina, and the lithoeytes have been proved to 

be gastrodermal cells (Fig. 142C), whereas in the Leptomedusae they are 

epidermal, a difference that constitutes one of the chief distinctions 
between the groups. 


The sexes are separate with one exception. The gonads are epider- 
mal, occurring in Trachymedusae as folds (Fig. 141fi) or pendant sacs 
(Fig. U5B) beneath the radial canals, in Narcomedusae in the floor 
of the gastric pockets. Early development and planula formation 
follow the same course as in the Hydroida. In most Trachymedusae, 
such as Aglaura, Linope, Geryonia, Rhopalonema, a direct development 
ensues (Fig. 143.4, D). The swimming planula develops mouth and 
tentacles and becomes an aetinula (page 435, Fig. 143C). This meta- 
morphoses directly into a medusa, expanding radially, forming the 
subumbrella by an invagination between mouth and tentacles, and 
developing velum and marginal structures. The larval tentacles may be 
retained or shed and replaced by new ones. A more complicated life 
history is seen in some Trachymedusae, notably Gonionemus and Cras- 
Priacusta. Here the planula attaches and develops into a minute polyp. 
The polyp stage of Gonionemus (Joseph, 1925) is the solitary tentacled 

, , eV ^ a ^ Flg ' that of Craspedacusta is the tentacle-less Micro- 

hydra (Fig. 143 E), which by budding forms a small colony of a few 
polyps. Both reoroduce 1 ^ ▲ 11 
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143F, G) nonciliated planula-like buds (frustuks ), which creep or lie on 
the bottom and develop into polyps. Medusae arise as in the Gymno- 
blastea by typical naked gonophores budded from the sides of the 
polyps (Fig. 1432?). 

Some of the Narcomedusae have the direct planula-actinula-medusa 
type of life history, but in the majority the cycle is complicated by the 
parasitism of the actinula. The egg may develop parasitically in the 
mesogloea or gastric pockets of the mother, sometimes wdth the aid 
of a nurse cell ( phorocyie ), representing an enlarged blastomere (Fig. 
1444, B). Development may proceed in the parent directly to an 
actinula, which often buds off other actinulae (Fig. 1442)) at its aboral 
pole; all the actinulae transform eventually into medusae. Or the 
planula may escape and attach to the manubrium or subumbrella of 
other Trachylina or sometimes hydroid medusae, there budding and 
metamorphosing as in the previous case. In the most complicated life 
cycles, not yet clearly understood, as in Cunina proboscidea, the egg 
develops in the maternal tissues with the aid of a phorocyte and according 
to some accounts produces a reduced medusa that sheds its sex products 
and then degenerates. The planulae from this generation attach to 
Geryonia and develop parasitically into a flattened stolon (Fig. 1442?), 
which buds off the definitive medusae (Fig. 144 F). In the Narcomedusae, 
the body of the actinula represents only the aboral part of the future 
bell and the oral portion grows out later so that the tentacles are left 
behind on the exumbrella. 

The Trachylina thus as a whole lack a polypoid generation. The 
direct mode of development (planula-actinula-medusa) may be taken as 
primitive and an indication that the trachyline medusae are the most 
primitive living coelenterates. 

The Trachylina are of small to moderate size, ranging from a few to 

100 mm. in diameter. Most of them inhabit the high seas, chiefly in 

warmer waters, occurring from the surface to depths as great as 3000 m. 

Some forms are confined to shallow waters and others live in brackish or 
fresh water. 


The Trachymedusae are characterized by the simple bell margin and 
definite radial canals bearing gonads. The Olindiidae somewhat resemble 
the Leptomedusae; they have four to six radial canals, numerous hollow 
tentacles (some or all of which spring from the exumbrella), conspicuous 
tentacular bulbs, and an adhesive pad or sucker (Fig. 140C) (“knee”) 
on some or all of the tentacles. The olindiads are typically shallow- 



gastric pouch; 2, festoon canal; 3, tentacle root; 4. peronium* 5 otODoma- fi 1, 
7, velum; 8. stalked sucker; 9, gonad; 10, statocyst; l\ [ ten^idkr 
depot; 12, large tentacles with bases embedded in bell* 13 small set of 
directly from margin; 14, ring canal; 15, nematocyrt duste’r *“*<**' 
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water, bottom-living forms, clinging to seaweeds with their pads. The 
best-known genus, Gonionemus 1 has four radial canals with ruffled 
gonads; one set of tentacles whose bases pass through the jelly, so that 
the tentacles emerge slightly above the bell margin; large and con- 
spicuous tentacular bulbs (often erroneously called “eyespots”) that are 
partially separated from the tentacle bases (Fig. 1405), and numerous 
small closed statocysts embedded in the bell margin between the tentacle 
bases (Fig. 141(7). The hollow tentacles bear conspicuous nematocyst 
ridges and a nematocyst-free adhesive pad a little distance back from the 
tip (Fig. HOC). The tentacular bulbs (Figs. 140 D and 142A) have a 
thick epidermis bearing sensory epithelium and packed with developing 
nematocysts and a thick gastrodermis filled with food vacuoles. A 
Gonionemus- like olindiad from the California coast (Fig. 1415) differs 
in having stalked suckers among the tentacles (Fig. 141C) in addition to 
adhesive pads on the latter and small tentacles (“cirri”) that spring 
directly from the bell margin (Fig. 141C). Olindias , from shallow tropical 
waters, has two sets of tentacles (Fig. 145A), and Olindioides from Japan 
bears tentacles irregularly all over the exumbrella; both have numerous 
centripetal canals from the ring canal (Fig. 145A). 

The Petasidae, without adhesive pads, are exemplified by the fresh- 
water medusa, Craspedacusta sowerbyi , discovered in 1880 in London in a 
botanical pond planted with an Amazonian water lily. Later findings 
in other European botanical ponds containing the same water lily support 
the supposition that the animal was brought from Brazil with the plant. 
The medusa now occurs in various natural habitats in Europe and has 
been found in the United States in many lakes, ponds, and streams as 
far west as Oklahoma. It may reach when mature a diameter of 15 to 
20 mm. and then has numerous tentacles in three sets (Fig. 142E). 
Generally all the medusae in one habitat are of the same sex, presumably 
as a result of asexual propagation of the hydroid. The hydroid is the 
minute nontentacled Microhydra ryderi , l forming small colonies of a few 
polyps without definite periderm (Fig. 143 E). This feeds voraciously 
on annelids, nematodes, etc., reproduces by frustules (page 487, Fig. 
143F , (r), and buds off tiny medusae that at first have only eight tentacles 
(Fig. 1425). The similar Limnocnida , found in lakes and streams of 
Africa, constitutes the family Limnocnidae, differing in that the gonads 
occur on the surface of the short wide stomach region, which mav also bud 


1 S° caUed before its relationship to the medusa was known; it should now of 
course bear the same name as the medusa, since this has priority 

r. s =5~=“-= 
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off medusae. A hydroid stage has not been discovered but presumably 



Fig. If 4 -— Development of Trachylina (continued). A-D. Parasitic development of 

!909): A, fertilised egg enclosed in the phorocyte, inside jelly 
of^ mother; B, stereo blast ula, enclosed in phorocyte. still in maternal jelly C Jn J 
acbnnla w gastric cavity of mother; D, later actinula budding other actimliae E IS 
rfCamao found attached to Rhopalonema, in process of budding medusae. F One oftL 

T" 10 ?"** 1 , fr ° m ^ 8tolon ; (E-F. after Biodo w, 1909.) G. Larva of Sdstun- 

with aboral ciliated sense plate. ( After WolUreck. 1905 > 1 fprtilit«d o 

cyte; 3. maternal ti*me; 4. blastula; 5. 6. JtSEtX&fiZ. 


The family Trachynemidae, with usually eight simple radial canals 
and no centripetal canals, is exemplified by Rhopalonema, with alter- 
nating long and short tentacles, and by the aglaurine medusae with 
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numerous tentacles, lithostyles, and a pseudomanubrium (Fig. 145B). 
Aglaura with gonads on the pseudomanubrium and Aglantha (Fig. 145B) 
with gonads on the radial canals have characteristic thimble-shaped 
bells. The Geryonidae with centripetal canals and also a pseudomanu- 
brium include Geryonia (= Carmarina, Fig. 140.4) with six and Liriope 
(Fig. 146B) -with four radial canals. 

The Narcomedusae have the following characteristics: firm, mostly 
flattened, glassy bells, bell margin scalloped by peronia, lithostyles as 
sense organs, otoporpae often present, stiff solid tentacles in one set, large 
stomach often pouched and usually directly continuous with the wide 
mouth without the intervention of a manubrium, more or less degenerate 
canal system, and subumbrellar gonads situated beneath the stomach or 
its pouches. The tentacles emerge well above the bell margin; their 
gastrodermal cores continue into the jelly as “roots,” and their peronia 
descend to the bell margin, dividing it into scallops, each of which bears 
several lithostyles, often furnished with otoporpae (Figs. 140B and 141A). 
The Narcomedusae are divided by Broch (1929) into three families: 
Cuninidae, Aeginidae, and Solmaridae. The Cuninidae have undivided 
radial stomach pouches and marginal scallops, peronia, and tentacles of 
the same number (eight or more) as the pouches. The genera are 
Cunina (Fig. HOB) and Cunodantha (Fig. 141.4) with, and Solmissus 
(Fig. 146C) without otoporpae. In the Aeginidae the stomach pouches 
are bifurcated so that there are two or four pouches between successive 
tentacles. Here belong Aegina (Fig. 146.4), with four or six tentacles; 
Sohnundella (Fig. 1440), with two tentacles; Aeginura, with eight ten- 
tacles; and Aegirwpsis, with four tentacles and 16 stomach pouches. 
Young stages of Solmundella have a ciliated sensory region at the aboral 
pole (Fig. 1440). The Solmaridae have a simple circular stomach and 
lack all other parts of the gastrovaseular system; there are a number of 
tentacles and marginal lappets. There are two genera, Solmaris, with a 
ring gonad, and Pegantha (Fig. 144F), with a circlet of little gonad sacs. 

Certain aberrant medusae are best assigned to the Trachylina. The 
curious Hydrodma (Dawydoff, 1903) excited much attention at the time 
of its discovery by its resemblance to ctenophores (Fig. 14eC). It ha 
two tentacles, each set in a deep pocket, and an apical sense organ in the 
form of a ciliated pouch containing two statocysts and encircled at l < 
external pore by long-haired epidermal cells (Fig. 147H). The margu 
is devoid of tentacles or sense organs. It is probable that Hydrodena l 
a highly modified narcomedusa related to Solmundella; it is the only adul 
medusa with an apical sense organ, although one occurs m the larva 


Solmundella (Fig. 144G). . ro . i.^. 

Another peculiar form is Polypodium, found in the \olga River baa. 

and the Black and Caspian seas, a small solitary polyp that walks abo 
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on its eight distal and four shorter aboral tentacles (Fig. 147F). These 
polyps come from a budding stolon parasitic inside the ovarian eggs of 
the sturgeon. When the eggs are laid, the stolon escapes, matures its 
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buds (Fig. WE) by an evagination process, and then disintegrates 
setting free the polyps. The remainder of the life history and the mode 
of infection of the sturgeon are unknown, but as the polyp forms gonads 
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a medusoid stage is presumably lacking. Polypodium has but one kind 
of nematocyst, the atrichous isorhiza, and is therefore a narcomedusa; 
budding from a stolon is known for other members of this group ( Cunina , 

page 459). 

Another remarkable medusa is Tetraplatia, collected on several 
oceanic expeditions. It is a bipyramidal organism (Fig. 146 E) with an 
equatorial groove from which project four swimming lobes, each bearing 
two statocysts (Fig. 147-4). The aboral pyramid is the bell, the oral 
one the large manubrium with a mouth at its lower pole (Fig. 147B), and 
the swimming flaps apparently represent the velum. From a thorough 
study of its anatomy, Carlgren (1925) concluded that Tetraplatia is a 
trachyline medusa, a conclusion supported by the nematocysts, which 
are all atrichous isorhizas. 


9. Order Siphonophora- — The Siphonophora are polymorphic swim- 
ming or floating hydrozoan colonies, consisting of modified medusoid 
and polypoid individuals of several sorts. The gonophores never 
develop into complete medusae and are seldom freed. 

These colonies represent the highest degree of polymorphism found 
in the Cnidaria, as both polypoid and medusoid persons occur in several 
modifications, none of which, however, agree fully with typical hydroid 
forms. The polypoid zooids are of three sorts: gastrozooids, dactylo^ 
zooids, and gonozooids. The gastrozooids, also called siphons, the only 
members of the colony capable of ingesting food, have the usual polyp 
form but lack the usually located tentacles; instead, one single hollow 
tentacle, very long and contractile, springs from or near the base of each 
gastrozooid (Fig. 1480). These tentacles bear lateral contractile 
branches, termed tcntiUa, each of which terminates in a large and com- 
plicated knob or coil of nematocysts (Fig. 1500, E ). The dactylozooids, 
also called palpons, feelers, or tasters, 1 typically resemble the gastrozooids, 
except that they lack a mouth and their basal tentacle is unbranched 
(Fig. 152C). They may, however, consist simply of a hollow, tentacle- 
like body, as the fringing dactylozooids of Velella and Porpita (Fig. 
155C7). Such tentacle-like dactylozooids may be associated with the 
gonophores and are then termed gonopalpons (Fig. U8K). The gono- 
zooids may resemble gastrozooids and even possess a mouth as in Velella 
and Porpita (Fig. 155 C), but they lack a tentacle. Usually, however, 
they take the form of branched stalks, termed gonodendra (Fig. U8K)', 

1 From the German word tasten, meaning to touch or feeL 
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which are probably blast ostyles; these bear grape-like clusters of gono- 

phores and are often provided with gonopalpons. 

The medusoid forms include the swimming bells, the bracts, the gono- 
phores, and the pneumatophore. The swimming bell, also termed 
nedophore and nectocalyx, is a medusa with a bell, velum, four radial 
canals, and a ring canal but devoid of mouth, manubrium, tentacles, and 
sense organs. It may have a typical medusa shape (Fig. 148 A) but 
very often is of bizarre form, bilaterally flattened (Fig. 1485, D), or 
prismatic (Fig. 1505), or very elongated (Fig. 148C). In these bilateral 
types of nectophores, two of the radial canals often take a sinuous course 
(Fig. 1485). The nectophores are very muscular and hence have excep- 
tionally good swimming powers, sening for the locomotion of the colony. 
The bracts ( hydrophyllia , phyllozooids) are thick, gelatinous, prismatic 
(Fig. 148 H) or leaf-like (Fig. 148F) or helmet-shaped (Fig. 148tr) medu- 
soids containing a simple or branched gastrovascular canal. They 
usually lack any resemblance to a medusa, but types occur that are 
transitional between medusae and bracts (Fig. 148 E) and indicate the 
medusoid origin of the latter. The bracts apparently serve a protective 
function. The gonophores occur singly on separate stalks or in clusters 
on very polypoid gonozooids ( Velella , Fig. 155C) or on simple or branched 
gonodendra. They may be very medusa-like (Fig. 148L, AT) with bell, 
velum, radial canals, and a manubrium on which the gonads are borne; 
but mouth, tentacles, and sense organs are always lacking. In a few 
genera, as Porpita and Velella , such gonophores are set free but, since 
they cannot feed, perish after discharge of the sex cells. From the 
medusa-like gonophore various stages of reduction are seen (Fig. 148iV) 
in which the bell closes to a rounded sac ; but the gonophores never reach 
the extreme stages of reduction seen among the Hydroida. In many 
cases, the female gonophores are medusiform, while the male ones are 
saclike (Fig. 1555). The gonophores are dioecious, but the colonies are 
hermaphroditic, bearing both kinds of gonophores, in separate or in the 
same clusters. 

The pneumatophore or float (Fig. 149) represents an inverted medusan 
bell, devoid of mesogloea and consisting simply of an external exumbrellar 
wall, termed the pneumatocodon, and an internal subumbrellar wall, the 
pneumaiosaccus or air sac. Both walls have the usual two-layered 
structure (Fig. 149A) and are highly muscular. Between the two walls 
is a gastrovascular space that in the more complicated types of floats 
is divided into chambers by vertical septa (Fig. 149C). The original 
opening of the air sac or pneumatopore, directed upward, is quite closed 
or reduced to a pore guarded by a sphincter muscle. The air sac is usually 
lined by a chitinous layer secreted by the epiderinis. At the bottom 
(original summit) of the air sac, there is commonly an expanded chamber. 
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termed the Trickier or funnel (Fig. 149-4) where the lining epidermis is 
modified into a glandular epithelium, the gas gland, which pushes up over 
the chitinous layer of the air sac so that the epidermis is here two-layered 
fFig. 1495, C). A simple type of float, that of Agalma, is shown in Fig. 
149A, where the outer and inner sacs, the chitinous lining, the funnel, 
and the simple gas gland are clearly evident. Often, however, the 
float is of a more complicated type. Thus in Rkizophysa (Fig. 1495), 
the gas gland is more complex, 'putting out branches into the gas tro vas- 
cular cavity; these branches terminate in giant cells. In several genera, 
as Anthophysa, the gastrovascular cavity of the float is divided by ver- 
tical septa clothed with gastrodermis, and the gas gland contains 
branched giant cells that may be several millimeters long and send their 
branches into the septa and gas gland (Fig. 149C). The function of the 
giant cells is unknown. The gas gland secretes into the air sac gas of a 
composition similar to the air (in Physalia composed of 85 to 91 per cent 
nitrogen, 1.5 per cent argon, and 7.5 to 13.5 per cent oxygen). The 
float may open below by one to many so-called excretory pores. 

The various medusoid types of the colony develop asexually by means 
of an invaginated epidermal mass, similar to an entocodon, which here 
continues to invaginate to form a sac, the subumbrellar epidermis. 

All the persons of the colony are budded from the stem or coenosarc , 
usually an extensile tube of varying length but in some forms expanded 
radially into a disk. The tubular stem has the usual two-layered struc- 
ture, but the mesogloea is thick and elastic and sends out radiating septa 
to which the muscle fibers are fastened (Fig. 151.4). The gastrovascular 
canal of the stem is usually excentric; it is continuous with the canals ol 
all the persons and begins at the summit of the colony as a rounded or 
branched canal, the somalocyst (Fig. 1505), which may contain an oil 
droplet; or when a float is present the stem canal starts from the gastro- 
\ ascular cavity of the float. The stem buds the colony members either 
from one budding zone at its summit (Fig. 1505) or in addition from many 
budding zones along its length. All the persons are borne upon one sur- 
face of the stem, arbitrarily considered ventral, although they may appear 
to encircle the stem, through twisting of the latter. In disk^shaped types 
of siphonosome, the persons bud from the lower surface of the disk, which 
is usually inseparably incorporated into the wall of the float. 


Fig. 148. Types of persons of siphonophore colonies A-D ^wimm in* 
nectophores: A, unmodified type* B D fia*t#>nfvi \ * r- mming bella or 

types: K t gonodendron with gonopalpon and male and ** A K * .Gonophore 

female gonophore; M, medusoid male gonophore- V redu^ L ‘ nj, * lu9oid 

O. Gastroiooid with tentacle and tentSa 7 ^ gonophore. 

stem; 4. male gonophore; 5. feZleXophore • Tin™™. 2 J ““"“W 3. 

tentilla; 10, nematocyst knob of tentill*. ’ ' 80 P ^ f> ° n ' 7 ‘ gt,aad; 8 - tentacle; 9, 
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Histologically, the medusoid and polypoid persons resemble the 
corresponding types of a hydroid colony, but in the medusoids in cor- 



Fig 149 .— Pneumatophores. .4. Vertical section of simple type of pneuma t ophore o 
/ lift TTn ltrrrrl- 19051 B Vertical optical section of float of Rhizophysa sh 

gland; 14, mesolamella. 

relation with the lack of sense organs the marginal nerve rings are reduce, 
to a small ring or apparently may be altogether absent. The nervo 
Lem U continuous throughout the colony. The muscular system . 
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highly developed; stem, tentacles, etc., are very contractile; and muscle 
fibers even occur in the exumbrella of the swimming bells. The floats 
are also contractile, having a layer of muscle fibers in the base of the 
external epidermis (Fig. 149C). 

The nematocysts are often very large and are noted for their virulence. 
The complicated cnidoblasts have been much studied and may contain 
a fibrillar mechanism probably contractile (page 387, Fig. 11 1C). The 
nematocyst armature of the tentilla takes two general forms. In the 
Calycophora, each tentillum bears an oval body packed with parallel 
arched rows of elongate nematocysts, constituting the cnidoband; at 
the attached end of this there are on each side several very long nemato- 
cysts and at the other end a cluster of small round nematocysts; and 
from the cnidoband there hangs down an end filament also full of nemato- 
cysts (Fig. 150 D). Chun has estimated one such nematocyst complex in 
Stephanophyes to consist of 1700 nematocysts of four different sorts. 
In many Physophorida, the cnidoband has the form of spiral coil (Fig. 
150 E) whose attached end is often covered by a little calyx, the involucre y 
and whose free end bears one or more end filaments and sometimes also 
a nematocyst-free sac or ampulla. In Rhizophysa (Fig. 154.4) the tentilla 
are simply short filaments without a definite nematocyst knob or coil. 
Tentilla are absent in Physaha and Velella . The gastrozooids of siphono- 
phores often have a basal region loaded with nematocysts (Fig. 152B). 

The nematocysts may be of as many as five or six different sorts. 
(Fig. 150F-X). The types vary in the different groups of siphonophores. 
In the Calycophora and Physonectae there occur rhopalonemes, des- 
monemes, microbasic mastigophores, homotrichous anisorhizas, and 
atrichous isorhizas. Stenoteles are absent in the Calycophora but are 
found in all other groups of siphonophores. The Rhizophysaliae and 
Chondrophorae have only stenoteles and atrichous isorhizas. The great- 
est variety of nematocysts occurs among the Physonectae. 

The arrangement of the various persons into colonies may now be 
described. In the suborder Calycophora, a float is absent and the summit 
of the colony consists of swimming bells. The family Monophyidae 
has a single unreplaceable bell at the summit, prismatic in Muggiaea 
(Fig. 150B), rounded in Sphaeronedes . This bell is not the primary bell 
formed by the larva, for this is cast off, but a secondary bell. In the 
Diphyidae, there are two superimposed bells, replaceable by reserve 
beU f r are mostly prismatic or polygonal, and in some genera, 

as Abyla (Fig. 151C), the upper bell is markedly smaller and of different 
shape than the lower bell, while in other genera, as Diphyes and Galeolaria, 

£?. t '"° ***** simiIar ' The Prayidae have opposite replaceable 
bell.-, two rounded bells in Praya (Fig. 151B), several in a circle in 

stephanophyes. In the Hippopodiidae, exemplified by Hippopodius 
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the s ummi t of the colony is composed of a number of alternating closely 
appressed, rounded bells. In the Calycophora, the stem begins in one 
of the bells with a somatocyst, is generally protected, as it emerges 
from the zone of the bells, by a sheath-like extension, the hydroccium , 
from the adjacent bell, and trails below’ as a long extensile tube bearing 
one or more groups of persons (Fig. 150.4, B ). Each group, called a 
cormidium , consists typically of a helmet-shaped bract (Fig. 148(7), a 
gastrozooid with a tentacle, and one or more gonophores of one sex, 
which commonly serve as sw immi ng bells (Fig. 150C). Dactylozooids 
are lacking in the Calycophora. The stem grow’S and buds successive 
cormidia, all alike, from a growing zone near its summit, so that the 
lowermost cormidium is the oldest (Fig. 150B). When fully developed, 
the cormidia in most Calycophora break loose and lead a free existence 
for a time, being then termed eudoxomes or eudoxids . These were sup- 
posed to be distinct genera of Siphonophora until their relation to the 
colonies was discovered. The gonophores of Calycophora are mostly 
very medusiform but are never freed. 

The remaining siphonophores, grouped as Physophorida, are charac- 
terized by an apical float, but otherwise vary considerably, being divisible 
into three groups; Physonectae, Rhizophysaliae, and Chondrophorae. 
In the Physonectae, the small apical float without a pore is succeeded 


by a length of stem bearing a column of swimming bells; this region 
of the colony is called the nedosome (Figs. 152.4, 153A). The bells are 
replaceable from a budding zone beneath the float. Below’ the bells, 
the remai n i n g portion of the stem, termed siphonosome, may be long 


and tubular, as in Agalma (Fig. 152.4), Forskalia , Stephanomia , and 
Halistemma , bearing cormidia at intervals or closely crow’ded together. 
In F orskalia , the bells encircle the stem in many rows and are of elongated 
shape (Fig. 148 C). In Agalma , Stephanomia , and Halistemma , the bells 
occur in two alternating rows and are closely pressed together, so that 
bizarre bilateral shapes result (Fig. 152D). The remaining Physonectae 
are characterized by progressive enlargement of the float; progressive 
shortening of the siphonosome, so that the cormidia become crowded 
together; and eventual loss of the nectosome. An early stage of this 
process is illustrated by Nedalia (Fig. 153A) with a slightly enlarged 
float, normal length of nectosome, and crown of bracts above the greatly 
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Fig. 151 . — Examples of Calycophora. A. Diagrammatic cross action 
chore stem. (Based on figures of Koratneff and Schaeppt.) Praya, type ^with ^ 

opposite like nectophores. stem with cormidia cut away. C. AbyJ ^J^ e ^ Plth 

unlike'nectophorcs, stem cut off. (B-C afUr CHun 1895J »• 

nervecells ; 3. mesolamellar plates with muscle fibers; 4. gastrodermis, 5. gastrova^i^ 

cavity 6 growing region for new bells of which two are present; 7. ® f ^ty 

S!’; rUt^v^cuUr canals of bells; 9. a cormidium; 10. somatocyst; 11. oil cavity 

l?, hydroecium ; 13, s*«iu. 
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shortened siphonosome. The similar Physophora has instead of the 
bracts a crown of dactylozooids. Finally accompanying great increase 
in the size of the float, the swimming bells are altogether lost and the 
cormidia are crowded beneath the float. Examples are Ardhophysa and 
Athorybia , in which several crowns of muscular bracts protect the 
cormidia. The family Rhodaliidae ( = Haeckel's group Auronectae) 
is peculiar in that a portion of the float is partially constricted off as a bell- 
like body, the aurophore , lying among the circle of swimming bells as in 
Stephalia (Fig. 1535). 

The cormidia of the Physonectae (Fig. 1525) form larger groups 
and are more complicated than in the Calycophora, comprising one or 
more dactylozooids, each with an unbranched tentacle, one gastrozooid 
with a branched tentacle, one or more bracts, and clusters of gonophores 
often on gonodendra with gonopalpons. The cormidia are never .set 
free as eudoxomes nor are their gonophores ever free-swimming. 

In the remaining groups of the Physophorida there are a large float, 

no swi mm ing bells or bracts, and simplified cormidia. The Rhizo- 

physaliae have a large hollow float of typical construction with an 

apical pore (Fig. 154*4). In Rhizophysa (Fig. 1544), the oval float 

containing a large branched gas gland (Fig. 1495) is followed by a long 

stout stem bearing a succession of simple cormidia, each consisting of a 

gastrozooid with a tentacle and a gonodendron bearing gonopalpons 

and clusters of gonophores (Fig. 1544). In Physalia , the Portuguese 

man-of-war, the stem is so shortened as to consist only of a budding 

:oenosarc on the ventral surface of the large oval contractile crested float, 

from which there hang down several very large dactylozooids with long 

“fishing” tentacles, smaller dactylozooids with tentacles, bunches of 

gastrozooids without tentacles, and many-branched gonodendra, bearing 

gonopalpons, clusters of gonophores, and special “gelatinous” zoo ids of 

unknown function (Figs. 1545 and 1554). The female gonophores 

are medusoid and may swim free; the male ones are reduced (Fig. 
1555). 


The Chondrophorae, exemplified by Velella (Fig. 154 Q and Porpita 
(Fig. 154D) are the most modified of the Siphonophora. Here again the 
stem is shortened to a flat coenosarc, which together with the float forms 
a firm round or oval disk, containing many concentric air chambers 
and provrded m Velella with an erect sail (Fig. 154C). On the underside 
of the disk is found a large central gastrozooid, encircled by gonozooids 
having a mouth and bearing directly the medusiform gonophores, while 
the margin is provided with tentacle-like dactylozooids (Fig. 155C) The 

believed to have an excretory function. The air chambers open above 
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by pores and below between the zooids by chitinous canals. It is claimed 
that air is pumped through this system by contractions of the zooids and 
hence that it constitutes a respiratory apparatus. The gonophores of 


the Chondrophorae are freed as medusae named Chrysomitra, as they were 
originally supposed to be a separate genus (Fig. 155 D). 

The details of the development are complicated. The planula, 
formed chiefly by delamination, is broadly oval or rounded filled with 


large entoderm cells from which the definitive entoderm later separates. 
In the Calycophora (Fig. 156/1), the planula buds from one side 
the primary bell (apparently always shed later and replaced by one 
or more secondary bells), and its lower or oral end becomes the primary 
gastrozooid. Between this and the bell the stem grows out and by 
budding gives rise to the other members of the colony. In the Physo- 
nectae, the lower or oral end of the planula also becomes the primary 
gastrozooid, but, preceding this change, the aboral end forms an umbrella- 
like expansion, the primary or larval bract, which serves to float the 
larva while the pneumatophore is developing, and is later shed (Fig. 
156B, C). The pneumatophore arises beneath the primary bract as an 
ectodermal invagination (Fig. 156B, C); nearby are budded successively 
definitive bracts, dactylozooids, and eventually the swimming bells. 
The early development of the Chondrophorae and also probably of 
Physalia is passed in deep water and has not been observed. A section 
of a young stage of Physalia is shown in Fig. 156Z) and is seen to resemble 
a physonectid larva, having an invaginated air sac above, the main 
gastrozooid below, and the budding zone of the cocnosarc to one side. 
The coelenteron of the pneumatophore, here widely continuous with that 
of the primary gastrozooid, later becomes separated from it by the forma- 
tion of a septum. The earliest known larva of the Chondrophorae, 
termed a conaria , is a hollow sphere with an aboral thickening (Fig. 
157.4). The sphere represents the primary gastrozooid; the aboral 
thickening contains a small air sac, a system of eight entodcrmal canals, a 
ring-shaped nematocyst depot, and an entodermal plug that projects 
into the coelenteron of the primary zooid (Fig. 157C). In the later or 
rataria larva (Fig. 157B) the pneumatophore is greatly enlarged, the disk 
has began to grow out like a ledge around it, and, at the junction of float 
and primary zooid, a ring-like budding zone is forming other zooids. A 
section of a stage intermediate between conaria and rataria is shown in 
Fig. 157 C. The entodermal plug flattens out as the "liver,” and the 


Fig. 154. Rhizophysaliae and Chondrophorae. A, Rhizophysa; B, Physalia youna 

«?Ci 5S&& S5& 

zooids and gastrozooids; 15, sad; 16, tentaculozooids. ’ BmaUer d *«ylo- 
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chitinous lining of the pneumatophore cuts off at its periphery a succession 
of air chambers that are thus concentric. 



Fig. 156.— Development of Siphonophora. A. Budding planula of a calycophoran. 
showing primary bell B. Agaima, with primary larval bract and pneumatophore form- 

°l two definitive bracts and plannla becoming the first 

gastrozooid. {A-C, after M etschmkoff, 1874.) D. Section of a young PhysaHa, showing 

aboral end of larva becoming the float and the oral end becoming the first gastroa^icL 

0kada ' 1935 ') 1. primary beT^ budding 

tentm^ lO 7 1 d f®“ ithrB hracta : 8 - Primary gastrosooid! 9. developing 

ten tula, 10, gastrovascular canals of bracts; 11, gas gland; 12, secondary gastrosooida. 


Little is lmown of the physiology or biology of the Siphonophora. 
ccordmg to Jacobs (1937), the floating attitude depends on the distribu- 
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tion of lighter and heavier parts. Agalma and Forskalia float chiefly by 
means of their very large gelatinous bracts. Berrill (1930) observed that 
Step hanomia floats in a diagonal position with the tentacles trailing 
vertically. The author saw HaListemma dart about vigorously, often exe- 
cuting loop-the-loop curves. The Physonectae in general can probably 
descend and rise at will by altering the amount of gas in the float. Gas 






A. Conaria larva. J 
1, aboral thickening; 
gBStrosooid; 5. future mouth 1 
of larva; 9, nematocy 


1929.) 
A and 2?. 


> w relopment of VHeUa. {Afla' 

Rataria larva. C. Vertical eection of a stage bel 
pneumaiophore ; 3, entodermal plug; 4. body of 
»xne; 6. disk; 7. budding tone of other peraona; 
depot; 10, ooelenteron of primary gastroaooid. 

can be emitted and quickly secreted again by the gas gland 

and V della cannot go below the surface but the crests of th 
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cent salts, 3 per cent chitin, and 3+ per cent of other organic substances. 
No urea, uric acid, or creatinine, and very little carbohydrate were found, 
but considerable fat was present (Haurowitz and W aelsch. 1926). 
Zooxanthellae are abundant in the Chondrophorae, especially in the liver, 
and along the radial canals of the medusae (Fig. 155/))- 

The Siphonophora are typical pelagic animals, inhabiting the surface 
of the seas in all parts of the globe, but are somewhat more abundant in 
warmer waters. Although many are good swimmers, the delicate texture 
of the group leaves them at the mercy of ’winds and currents so that they 
often drift near shores and into bays and may accumulate in immense 
swarms, even in the open ocean. Many are able to alter the gas content 
of the float and so can sink in stormy weather. Most siphonophores 
because of their small size and transparency usually escape notice, but 
the larger forms such as VeleUa , the purple sail, and Physalia , the Portu- 
guese man-of-war, attract attention through their bizarre shapes and 
exquisite coloring. VeleUa is tinted a delicate purple and the float of 
Physalia is often blue. Physalia may reach a large size with a float 
10 to 30 cm. long and tentacles depending for many meters. The sting 
is highly dangerous to man (page 392). A remarkable case of com- 
mensalism occurs between Physalia and a small fish (X omens) that 
swims about among the deadly tentacles and is not known to live apart 
from Physalia . According to Kato (1933), Xomeus is not a real com- 
mensal but eats the tentacles and zooids of Physalia ; this may account 
for its immunity to their sting. Many siphonophores are luminescent. 
The group is deficient in regenerative power, and portions of colonies are 
unable to replace missing parts. 

The Siphonophora are commonly regarded as the most specialized 
of the Hydrozoa in that they attain the highest degree of polymorphism 
and present the greatest number of medusoid and polypoid types. 
Recently Moser 1 has revived an old idea that on the contrary the various 
persons are organs that have not yet attained the grade of polymorphic 
individuals and that therefore the siphonophores are the most primitive 
existing coelenterates. This polv-organ theory has not received any 
general acceptance, but it cannot be doubted that the siphonophores 
ea 4Z N diverged from the coelenterate stem. 

Polymorphism and Alternation of Generations. — The class Hydro- 
zoa provides some of the best examples of polymorphism in the animal 
kingdom. This phenomenon is essentially one of division of labor, 
i.e., different functions are assigned to different individuals rather than 
to the parts or organs of one individual. This splitting up of functions 
among diversified individuals in the coelenterates. may result from their 
lowly organization and lack of organs, conditions that do not permit any 

1 Kukenthal-Krumbaeh, Handbuch der Zoologit , Vol. I. 
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great degree of specialization for different functions within the limits of 
the individual. Certain coelenterates lack polymorphism, but this is 
almost invariably a secondary condition. A dimorphic condition, in 
which the species consists of gastrozooids and gonophores, is common 
among the athecate Hydroida. Still more common is the trimorphic 
stage, in which in addition to gastrozooids and gonophores, special 
gonozooids are differentiated to bear the gonophores. In a limited 
number of Hydroida, a fourth type of person, the protective dactylo- 
zooid, is added. The greatest complication is exhibited by the Siphon- 
ophora, which may have three kinds of polypoids and four kinds of 
medusoids. 


Polymorphism is intimately associated with the life history. The life 
cycle is simple in monomorphic forms, like the hydras, which even lack a 
larva, 1 and may be represented by the formula: polyp-egg-polyp. In 
such cases the polyp reproduces both asexually and sexually, and this 
condition applies to the entire class Anthozoa. With the advent of 
polymorphism, reproductive powers are divided: the polyp is capable only 
of asexual reproduction, while sexual reproduction is confined to the 
gonophores. Since, further, the egg in these cases never develops 
directly into the same type that produced it (gonophore) but always intc 
a polypoid, the life cycle becomes: polyp-medusoid-egg-planula-polyp 
There thus arises the so-called alternation of generations or metagenesis; 


in which the life cycle is conceived as consisting of an alternation of the 
asexual polypoid generation with the sexual medusoid generation. 

The question arises whether metagenesis is a direct consequence ol 
polymorphism or whether the life cycle of primitive coelenterates ha* 
led to polymorphism. On the first view, the original coelenterate was £ 
polypoid type in which through specialization the sexual function was 
relegated to the secondarily developed medusoid form, and this process 
led to metagenesis. On the alternative view, the ancestral coelenterah 
was some sort of medusoid (further, see page 634), and the polypoic 
generation is a persistent larval form. This theory, advocated lunj 
ago by Brooks, finds support in the life history of the Trachymedusa. 
where the egg develops directly into a medusa passing through a planuli 

and an actinula stage, thus: medusa-egg-planula-actinula-medusa. 

many cases, the actinula buds off other actinulae and in forms JHo 
Gonionemus and Craspedacusta produces a small colony that to all intent 
and purposes is a regular hydroid colony. Most of these trachyto 
hvdroids bud off medusae in the same manner as hydroid colonies bu 
in one species of Uwrohydra the medusa arises from the actinula-po CT 
bv the Transformation of its oral end. The facts indicate that th 

' . Fresh-water animals in general lack free larval stages, whereas marine anun 
usually possess them. 
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actinula, originally a larva stage, first developed the habit of asexual 
budding, and then took up a prolonged attached existence as a polypoid 
colony. It then ceased to transform directly into a medusoid, producing 
this rather by budding. Such a view accounts for the asexual nature of 
the polypoids. It may also be harmonized with the development of 
siphonophores where a portion of the planula goes to form a medusoid 
(primary bell, primary bract, float), the rest becoming a budding poly- 
poid. On this view, metagenesis is a false conception; rather the medusa 
is the mature coelenterate, the polyp a persistent larva. It must also 
be concluded that the Trachylina are the most primitive living coe lent cr- 
ates, a view supported on other grounds, such as the simplicity of their 

nematocysts. 

11. Asexual Reproduction and Regulative Processes. — As already 
noted, asexual reproduction is universal throughout the Hydrozoa. 
Polypoids may bud from stems or stolons or very rarely from other 
polypoids; medusoids bud from hydrant hs, stems, stolons, or other 
medusoids. Thus, a number of hydroid medusae and one or two trachy- 
lines bud medusae like themselves from manubrium (Fig. 1346 T ) or 
tentacular bulbs (Fig. 128D); but medusae never bud off polypoids. 
Asexual budding may begin in larval stages as in the actinulae of the 
Trachylina (Fig. 144D) and the planula of siphonophores (Fig. 156). 
Fission regularly occurs in Protohydra and some similar forms and has 
been reported for one or two medusae. Propagation by frustules, 
planula-like nonciliated bodies (Fig. 143 F~H) Is widespread. In certain 
trachylines, they are constricted from the sides of the polyps (Fig. 
143F, G); in many Hydroida they consist of the detached ends of stolons. 
They usually lie on the bottom or creep slowly for some time but eventu- 
ally develop into polyps. Branches and portions of colonies containing 
coenosarc may be constricted off and develop into new colonies. Stolons 
often detach and set up independent colonies. 

Under adverse conditions, such as raised temperature, lack of oxygen, 
transport from nature into the laboratory, and action of chemicals, the 
hydranths frequently detach from hydroid colonies and die while the 
coenosarc when conditions permit regenerates new hydranths. Often 
the coenosarc in such cases abandons one part of a colony and flows into 
other portions. In the hydras and some marine hydroicLs, under similar 
conditions, the hydranths instead of falling off undergo u depression.” 
Tentacles and body shorten progressively, their cells detach and pass 
into the stem where they are digested, and the whole hydrant h “ melts ” 
into the coenosarc. In hydras, this process continues until the entire 
animal is reduced to a rounded mass. Hydras may recover from early 
stages of depression if rapidly transferred to favorable conditions but 
generally die if the process is allowed to proceed to late stages. Upon 
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recovery from depression, hydras often regenerate doubled parts or other 

abnormalities, and these lead to fission processes (page 437). 

The Hydrozoa, having high regenerative powers, have often been 
employed by experimenters in the study of problems of regeneration, 
polarity, form regulation, etc. Because of their long stems, Tubularia 
and Corymorpha have been most often used as material but studies have 
also been made on Obelia, Campanularia , Pennaria , Eudendnum , Plum - 
ularia, Hydraciinia , and others. Hydras, too, have been frequently 
utilized. The regeneration of pieces of polyp stems is in general con- 
trolled by their polarity (orientation which they had in the whole), 
level from which cut, and length. Pieces of hydras usually regenerate 
tentacles and hypostome at the apical end, 1 a pedal disk at the basal end; 
hydroid stems commonly regenerate a hydrant h at each end, but exhibit 
their retention of the original polarity by the more rapid appearance and 
larger size of the apical hydrant h (Fig. 158/1). Pieces may however 
produce a stolon at the basal end. The more apical the level in the 
original stem or colony from which a piece is taken, the more rapid is the 
appearance, and the larger the size of the apical hydranth (Fig. 158L-A/), 
and the greater is the tendency of such pieces to form hydranths rather 
than stolons; while basal pieces form smaller apical hydranths more 
slowly and show more tendency toward stolon or holdfast formation. 
Very short pieces, especially those from apical levels, usually form nothing 
but hydranths or portions of hydranths (manubria with tentacles), either 
bipolar (facing in opposite directions) or multipolar (Figs. 158C-/C, N-P 
and 159i£). In Pennaria , however, short pieces grow out stolons, and in 
some forms all pieces produce stolons. Contact plays a large role in 
stolon formation; whereas suspended pieces form hydranths at both 
ends, similar pieces lying on a substratum may form stolons at one or 
both ends. Stolonization on contact is widespread throughout the 
hydroids; any cut surface or free end where hydranths have been removed 
or have fallen off may grow out into stolons (Fig. 159.4) on contact. In 
some cases darkness favors stolon formation as compared with hydranth 
formation. Gravity is without action. 

Hydranths replace removed portions of their manubria; but entire 
isolated hydranths usually die. Manubria may regenerate a manubrium 
or entire hydranth from the cut surface. In polymorphic forms like 

1 The end of the piece that in the whole was directed toward the hydranth is 

termed apical, distal, or oral; the end directed toward the colony base, basal’ proximal 
or aboral. 


short pieces with doubled hydranths or manubria. Q-T, Alteration of polarity in 

^^ Q ’ t rc r r regenerate lying ° n * ide: R ' 9ame - after ‘™tment »Sh alcohol 
polarity obliterated, 5, T, same regenerating at right angles to original polarity on return 

ChJA T 2 ' ab ° ral hydrantb; 3 - Periderm. (Fig*. A K. and' Q-T from 

Child, Individuality in Organism*, courtesy The Univertilu of Ckiremo Pr ... , ^ ’ 1 
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Hydradinia, pieces of gastrosooids, dsctylosooi* Eono^ooids aU 

grafting small pieces of one type to large pieces of another Isolated 
gonophores and gonangia can heal wounds but are incapable of generate 
L- medusa or sex-cell formation continues if sufficiently advanced. 

Colonies do not regenerate gonophores or gonangia at P° mte 

are removed; and if they are cut across, the stumps are absorbed into 

the colony. Isolated tentacles die. , 

Polarity may be reversed, i.e., the basal end of pieces may be caused 

to grow out a hydranth in advance of the apical end, by the electrical 
current, by burying the apical end, supplying more oxygen to the basal 
end etc. The polarity of pieces may also be reversed or obliterated by 
treating the pieces with cyanides, anesthetics, and other depressing 
chemicals; upon return to normal conditions, such pieces may grow out 
one or more hydranths (Figs. 1580-P and 1590-Q) without regard to the 
original polarity (Fig. 158Q-T), usually from the surface most exposed to 
oxygen. A cut in the side of Corymorpha stems usually heals; but if 
stimulated by lacerating radiations, grows out a hydranth (Fig. 159L). 
Cell clumps obtained by squeezing hydroids through bolting cloth unite 
into masses from which a normal hydranth may grow up ( Clava , Euden- 
drium, Pennaria, Corymorpha ) . In recent experiments of this type with 
Cordylophora, Beadle and Booth (1938) found that epidermis and 
gastrodermis retain their individuality and neither alone can regenerate 
a hydranth. Cell clumps from different genera will not fuse. Pieces of 
manubrium grafted into the munition masses induce hydranths and over- 
come inhibiting factors. 

Pieces of hydroid stems or of hydras may be readily grafted together 
in any orientation but retain their original polarity, so that apical ends 
regenerate hydranths whether free or united to other pieces (Fig. 159F , J). 
The curious forms thus obtained may pull apart or may regulate to 
approximately normal wholes. Polarity may be reversed in very small 
pieces grafted to large ones, and a single a n i m al thus obtained (Fig. 
159G, H, K). In Corymorpha and hydras small bits grafted into the 
side of stems may cause a hydranth, partly of host tissue, to grow out 
at the site of grafting (Fig. 159B-D, R); and grafted bits from apical 
levels are the most or alone effective (Fig. 159M, K). 


ends of longer pieces: J t original polarity retained, double hydranths facing each other 
regenerated; K , polarity reversed in grafted piece, which makes one hydranth with the 
host. ( After Peebles, 1900.) L. Wound in aide of Corymorpha stem growing out to form a 
hydranth. A/. Graft of distal bit. A'. Graft of proximal bit of Corymorpha tissue in the 
side of stem pieces, after 48 hours; the graft of distal origin induces a much better hydranth 
than the proximal graft. O and P. Multiple manubria regenerated after treatment of 
Corymorpha pieces with ether (O) or alcohol (P). Q. Multiple stolons after treatment with 
acid. {L-Q, after Child , 1927.) R. Head of hydra grafted to cut aboral surface of another 
hydra induces a head there. ( After Mutz , 1930.) 1, graft; 2, structure induced by graft. 
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All the facts indicate that the polyp is a polarized system and that 
he polarization consists in some sort of condition that grades from the 
nanubrium basally along hydranth and stem. In colonies having an 
orderly arrangement of hydranths and branches, a similar gradation 
exists throughout the colony as a whole, and, if all the hydranths are cut 
iff, regeneration occurs first at the tips of the hydrocaulus and branches 
md proceeds basally ( Pennaria , Gast and Godlewski, 1903). As no 
morphological differences exist along the stems and as the coenosarc can 
Sow about and develop new hydranths at any point, the gradation must 
be of a physiological nature and readily susceptible to external conditions. 
Some aspect of metabolism is probably concerned. Many facts of 
grafting, regeneration, and asexual reproduction further indicate that 
hydranths and distal levels in general dominate over basal levels. Thus 
the presence of a hydranth inhibits or retards the regeneration and pre- 
vents the origin of other hydranths within certain distance limits; and 
grafts composed of distal tissue are more effective in inducing hydranth 
formation than those of proximal origin (Fig. 15931, N). 

Medusae from which one or more quadrants have been cut out close 
together along the cut edges into a reduced bell without replacing the 
lost radial canals ; or sometimes one radial canal will arise along the line 
of wound closure. When bells are cut in two transversely, the oral 
portion closes together at the summit to make a small bell while the 
aboral portion regenerates a new margin. The manubrium is always 
replaced. It appears that hydromedusae are capable of regenerating 
any of their parts, but the usual regulation into a bell shape inhibits 

further changes. 

- 12. Reactions and Behavior.— The behavior of hydrozoan polyps has 


been studied chiefly in the hydras; among marine forms only in Tubularia 
and Corymorpha. Spontaneous movements are few. When undis- 
turbed the bodj’ is extended and the tentacles spread; contractions and 
expansions occur at intervals without apparent cause, and the tentacles 
are often active, waving about or contracting and extending or executing 
the feeding reaction. Most forms orient or grow at right angles to the 
substratum without respect to gravity; but Corymorpha is negative to 
gravity, and whole animals or decapitated stems assume an erect posi- 
tion regardless of the plane of attachment of the base. Free forms hke 
the hydras or Corymorpha can change location by basal gliding. 1 e 
hvdras usually move by looping and somersaulting, attaching oral en 
and pedal disk alternately, or in long-tentaeled species ako by attaching 
the tentacle ends and pulling themselves along. Most hy droids are 
indifferent to light, but Eudcndrium is said to grow toward the ligh . 
Hvdras. especiailv the green species, are positive to moderate fight, 

attaining hv random movements the lighted side of an aquarium, 
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are negative to bright light. When the oxygen supply becomes 
cient hydras move to regions of higher oxygen content. Ri*e 
perature causes greater extension of body and tentacles Hunger 
, provokes greater extension and activity of the tentacles and in 
j-as restless movements and changes of location. Unfavorable con 1 - 
ls in general cause hydra to detach and move about. W hen placed 
m electric current, most hydroids direct tentacles and manubrium 

ard the cathode. 

General stimulation such as jarring results in partial or complete 
traction, followed by slow expansion. Jarrings repeated at sufh- 
itly short intervals may finally fail to evoke any response. Light 
il mechanical or electrical stimulation elicits contraction of the spot 
entacle touched; moderate stimulation evokes contraction of a larger 
i or of all the tentacles; and strong local stimulation results in com- 
;e contraction. The stimulus is thus conducted and Parker s experi- 
lts on Corymorpha show that conduction occurs in the epidermis and 
;fly in a longitudinal direction. In stems partly split, the impulse will 
s from one half to the other through apical or basal ends but not 
augh middle regions. Stimulation of the side of hydranth or body 
y cause a bending in the direction of the stimulus. 

In tubularians the typical feeding reaction consists of the bending of 
proximal tentacles bearing food toward the mouth while the manu- 
lm in turn bends to meet them, the distal tentacles opening out. In 
Iras, the tentacles in which the food is entangled simply contract until 
food touches the mouth. At or before contact with the food the 


nth opens and grasps it by its rim, whereupon the tentacles detach. 
i food reaction may be given to mechanical or electrical stimulation 
;o meat juice, mechanical stimulation being the most effective. Cory- 
•pha has a characteristic feeding behavior, repeated in quiet water 
iut twenty times an hour. The stalk bends over, mouth and distal 
tacles are touched to the mud, the stalk then straightens, and food 
terial adhering to the tentacles is conveyed to the mouth. Deeapi- 
5 d stalks wall carry on this rhythmic bowing. 

In general the behavior is characterized by its mechanical nature, 
s. of exact responses, lack of integration, and great independence of 
ts. Isolated tentacles, hydranths, and stalks perform the same 
ical reactions as when they are parts of whole animals. 

The behavior of hydrozoan medusae is known chiefly from the classical 
ount of Romanes (1885), except for a few more recent studies on 
i ionemus. Medusae swim by contracting the subumbrella and velum 
>ngly, forcing water out of the opening in the velum. The animal thus 
gresses by jerks in the opposite direction. By contracting one side 
re strongly than the other, the animal can force the water out asym- 
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metrically and so descend or change direction. Hydromedusae usu 
give a number of successive pulsations and then float for a time in aln 
any orientation. The degree of extension of the tentacles is not co 
lated with the periods of pulsation or quiescence. The rate of pulsai 
varies directly with temperature and indirectly with the size of the 1 
Normally the entire bell contracts synchronously. Cuts through 
bell do not disturb the pulsation, but cuts across the margin disorga 
the reaction, and the parts between cuts then tend to beat at indepenc 
rates. If a single long radial cut is made through the margin, the < 
traction can be caused to begin at one side of the cut and to travel 
wave around the bell. The margin if cut off continues to contrac 
before, but the marginless bell ceases all spontaneous movement 
manently. It can, however, be made to give single contractions 
mechanical or electrical stimulation and will beat rhythmically in j 
salt solution. These experiments show that the source of the pulsa 
lies in the bell margin and that this source has a discontinuous act 
The marginal sense organs are the main initiators of the swimming i 
tractions since in the four-tentacled Sarsia (Fig. 120 G) removal of 
four tentacular bulbs greatly diminishes the force of the pulsations. 

The exumbrella is exceedingly insensitive to touch or to food an 
some species even a strong blow elicits no perceptible response. Otl 
however, respond to a blow by ceasing swimming, and contracting 
bell into the smallest possible shape. Some on being disturbed gr 
few quick pulsations, interpretable as an escape reaction. Any tent 
that is touched commonly contracts. Moderate mechanical stimula 
of tentacles, bell margin, or subumbrella usually elicits the fee 
reaction, described below. In a medusa of the eutimine group ( 
120F)» having a long pseudomanubrium, Romanes found very e 
responses to mechanical stimulation of the subumbrellar surface, 
spot that was touched contracted and bent inward while at the same i 
the manubrium curved and applied the mouth very precisely to 
stimulated point. This is obviously also a feeding reaction. If a 1 
zontal cut was made between the stimulated point and the base of 
manubrium, the latter continued to execute the reaction but wa 
longer able to locate the affected spot and applied the mouth to the 
anywhere, a result indicating radial conduction of the stimulus, 
author failed to find any such exact responses in several hydromedus 

Romanes’ experiments indicate that in medusae as in polyps, con 
tion is mainly radial (i.e., longitudinal). Conduction m a circular d 
tion is very rapid at the margin but poor elsewhere in the bell, as sb 
by cutting a long horizontal strip having the manubrium at one 
Stimulation of such strips elicits little response from the manubi 

except at very short distances. 
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iisaxj medusae are indifferent to light, but some give definite 
on ses. accelerating their swimming and exhibiting increased activity 
le daylight, although avoiding direct sunlight. Others seek shaded 
es and some are said to descend during the daytime and ascend when 
light diminis hes. In Sarsia , which is strongly positive to light and 
gather in a beam of light, extirpation of the four tentacular bulbs 
ring ocelli, Fig. 123 C) completely abolishes all response to light; this 
le main evidence that the ocelli are actually photoreceptors. In 
onemus , which also reacts to light, the tentacular bulbs are not 
2 sensitive to light than other body regions; but as these bulbs do 
bear ocelli in the Trachylina, there is no reason to expect any other 

it. 

Much experimentation on Gonionemw s has failed to elucidate the 
■tion of the statocysts; but these experiments were of the extirpation 
» that also give no results in Scyphozoa. Properly designed experi- 
ts, such as those reported on page 533, would probably show an 
libratory function as in Scyphozoa. 

Hien medusae are placed in a constant electric current, they direct 
librium and tentacles toward the cathode. This response is probably 
ed to the higher activity of these regions. 

n the presence of food, Gonionemus becomes more active and displays 
om “searching” movements, poorly directed. Many medusae, 
?ver, appear unable to detect the vicinity of food and give no 
tion until actual contact with food occurs. When tentacles or bell 
pn come in contact with food, a typical feeding reaction ensues, 
tentacles contract, the sector of the bell margin involved bends 
xd toward the manubrium, and the manubrium curves so as to bring 
mouth in contact with the bent-in margin. In medusae with tall 
and long manubria, the manubrium plays the dominant role in this 
don, and the margin shows little activity; in species with broad flat 
and short manubria, the margin is of greater importance. Thus in 
lidium (Fig. 160 F) and Aequorea (Fig. 121 C) the part of the margin 
ulated with food bends inward (after a definite delay) until it touches 
manubrium. If two marginal regions are stimulated successively, 
the first bends in if the time interval is too short; but if sufficient 
elapses between the two stimulations, the second region also responds 
bends in to touch the manubrium while the first region is still being 
against the mouth frill (author’s observations). The typical food 
tion may be given to flesh juice in the water and to mechanical 
ulation, particularly by an object moving across the tentacles or 
g the bell margin. Apparently, motility of an object rather than its 
aical nature is of the most importance in eliciting the feeding reac- 
, but an im al juice is undoubtedly perceived. This chemical sense is 



st developed on the mouth frill, which quickly grasps food brought in 
ntact with it. 

The majority of hj^drozoan medusae exhibit no especial food-catching 
havior beyond swimming or floating with the tentacles fully extended; 
d apparently depend for food entirely on chance contacts. Gonionemus , 
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Fio 1 go. — Feeding reaction, graptolites. A. A graptolite, CUmMograptu^. from a 
( added from furure* by Ruedemann.) B. Glossoffrajdus with a 

““Sr* 

SSXA: t saw®* 

aat; 9. bitheca; 10, budding person. 

iowever, exhibits a characteristic food-getting behavior, s™ing to 
he surface, then turning upside down, and floating downward .with the 
entacles widely spread. This “fishing” reaction may be earned on 

tours but is inhibited by bright sunlight and by darkness 

\s in doIvus the reactions are stereotyped, few m number, and not 
s-ell directed. Isolated parts display the same reactions as m the whole, 
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cles will respond to food, and isolated manubria will grasp and 
ow food. 

Extinct Hydrozoa- — Of the groups with ehitinous periderm only 
fossils have been found, but the skeletons of the calcareous hydro- 
lines are not uncommon, some present genera going back to the 
ary. The group known as the Stromatoporida, found in the 
an and Devonian, has been doubtfully related to the hydrocorallines. 

; had rounded or encrusting skeletons composed of wavy parallel 
reous lamellae permeated with fine canals. In some genera vertical 
like those of Millepora are present. Another fossil group of doubt- 
Enities but usually placed with the Hydrozoa is the graptoliks, 

[ abundantly from the Cambrian to the Devonian. They occur 
y as flattened carbonized outlines in shales and similar rocks, but 
Lally they had ehitinous skeletons. The typical graptolites consist 
nple or branched stems ( rhabdosomes ) toothed along one or both 
(Fig. 160.4); these teeth apparently represent sessile hydrothecae, 
mably occupied in life by polyps. The rhabdosome is hollow, and 
entral canal is directly continuous with the thecae. A tube or rod, 
?ma or virgula, also runs up the interior of the rhabdosome and often 
;ts for some distance beyond the uppermost thecae, not infrequently 
nating in a holdfast or expansion that resembles a float. In some 
a ( Glossograptus , Fig. 160B) a number of rhabdosomes occur 
ted by their nemas to an expanded object apparently representing 
it. The rhabdosome originates from a cornucopia-shaped young, 
icida (Fig. 160C), often spined, which remains as the base of the 
y and which buds the first theca. The first theca buds the second, 
he third, etc. The nema is a continuation of the pointed apex of the 
. In another group of graptolites, termed the Dendroidea, the 
y is branched and bushy and suspended by its nema from a holdfast 
160D). The dendroid colonies also begin with a sicula, but three 
of individuals are budded simultaneously: the theca, a secondary 
termed the bitheca and compared by some authors to the nemato- 
e of the plumularians (page 409), and the budding person, which 
lues to elongate and which buds off the other types (Fig. 160E). 
believed that the graptolites in general had a pelagic habit of life, 
ag about or suspended from seaweeds. 


V. CLASS SCYPHOZOA 

Definition.— The Scyphozoa or Scyphomedusae are acraspedote 
nerous medusae or medusa-like polypoids in which the gastro- 
lar cavity bears entodermal tentacles (gastric filaments) and gonads, 
s divided in adult or larva by four interradial septa into a central 
and four perradial pockets, in which the subumbrella is indented 





od^o 





Ft G 161. — Diagrams of scyphozoan structure. A. fSl 

ca^ls; 3 s * oral arm: 16, sub^enital pit, 1/, stomach. 
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•ur interradial pits (the subumbrellar funnels or peristomial pits), 
into the septa when these are present, in which the mesogloea is 
ar, and in which the marginal bodies consist of reduced tentacles or 
ntaculocysts ( rhopalia ) having entodermal statoliths. The life 
■y includes a polypoid larva (scyphisle)ma) which contrasts with 
»id polyps in its tetramerous symmetry and division of the gastro- 
lar cavity by four longitudinal septa and which either transforms 

he adult or gives off medusae by transverse fission. 

General Morphology. — The outstanding feature of the Scyphozoa 

strongly developed tetramerous radial symmetry of both polypoid 
ledusoid states. The main oral-aboral axis falls at the intersection 

0 principal planes of symmetry crossing at right angles (Fig. 161.4, 
In conformity 7 with the usage in hydromedusae, those planes on 

1 he the gastric pockets and mouth arms or angles are termed 
iii. Halfway between them lie the interradii, on which occur 
(ur septa and the subumbrellar funnels (Fig. 1612?). The marginal 
s when four in number may be located on either the perradii 
Dmedusae) or interradii (Coronatae) ; when eight in number they 

at the ends of both per- and interradii (Fig. 161C). The adradii 
ay between each per- and interradius bear additional marginal 
s, when the number exceeds eight. In nearly all sevphozoans, 
arts are symmetrically repeated around the oral-aboral axis to the 
er of four or some multiple of four; but some species are constructed 
e plan of six, and certain parts, as the tentacles, may be indefinite 
nber. Aside from such exceptions the body can be divided into four 
;urally identical quadrants. Tetramerous symmetry constitutes 
> in the direction of bilateral symmetry', for its two principal planes 
pond to the sagittal and transverse planes of bilateral animals, 
he scyphozoan bell varies in shape in the different orders; it is 
t- or trumpet-shaped in the Stauromedusae, euboidal or pyramidal 
t Cubomedusae, and dome-, bowl-, or saucer-like in the other orders, 
e Coronatae, the exumbrellar surface of the bell is subdivided by a 
>ntal circular groove, the coronal groove (Fig. 169). The bell is 
ly very gelatinous, whence the common name of jellyfish, 1 and is 
ently of firm and even cartilage-like consistency 7 . The jelly occurs 
nly on the exumbrellar but also on the subumbrellar side of the 
jvascular system and extends into the tentacles and oral arms. A 
relum is absent, but an analogous structure, the velarium, a sub- 


ellar extension, occurs in the Cubomedusae (Fig. 167) and to a 


degres in the genus Aurelia. Both surfaces of the bell may bear 


where or in definite areas clusters and warts of nematoeysts (Fig. 


his name is, however, also applied to hydroxoan medusae and in fact no 
sonnotatiom 
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6-LB). The margin is usually scalloped into lappets (Fig. 1610 and is 
uovided with tentacles and sensorv bodies, usuallv to the number of four 
>r some multiple thereof, symmetrically arranged with regard to the body 
adii and marginal lappets (Fig. 161C). The sensory bodies are borne 
n the niches between lappets, when these are present : the tentacles occur 
>etween the sensory bodies, in the niches, on the lappets, or on the sub- 
unbrellar surface and are usually definite in number. They are absent 
n the Rhizostomeae but are borne on gelatinous basal expansions, the 
jedalia , in the Cubomedusae and Coronatae (Figs. 167, 169). The 
:entacles are commonly hollow, but solid in the Coronatae. and generally 
rerv motile and contractile. In the Stauromedusae they are capitate 
,vith nematocyst-filled heads (Fig. 165C), in the other orders filiform 
,vith nematocysts strewn throughout, or on one surface only, or in rings, 


ivarts, etc. 

Between manubrium and bell margin, there are seen on the sub- 
iimbrellar surface in the orders Stauromedusae, Cubomedusae. and Coro- 
natae. four deep f unn el-like pits, interradially located, the subumbrellar 
funnels or peristomial pits (Fig. 161-4., B). Their function is unknown, 
but it is possible that they aid in respiration, since water passes in and 
out of them with bell contractions. The subumbrellar funnels occur only 
in the larval stages of the orders Semaeostomeae and Rhizostomeae. In 
the adults of these orders there are found instead in the same locations, 

four shallow depressions, the subge-n ital pits (Fig. 161C). 

The gastrovascular system shows in the different orders various grades 
of complexity derivable from the condition in the scyphistoma larva 
and the Stauromedusae. In the center of the subumbrellar surface 
depends the manubrium terminated by the four-cornered mouth, whose 
angles are commonly drawn out into four perradial lobes, mostly short, 
but extended into long frilly lobes, the oral arms, in the Semaeostomeae 
(Fig 1715) and the Rhizostomeae. In the last, the edges of the branched, 
verv gelatinous oral arms fuse so as to obliterate the mouth, forming 
instead hundreds or thousands of minute suctorial mouths (Fig. 1<2C). 
Throughout the Scvphozoa. the frilled edges of oral lobes and arms are 
liberally provided with batteries of nematocysts and may grow out into a 

fringe of tentacle-like projections beset with nematocj^ts 

The «hort quadrangular manubrium, often termed gullet or pharynx 
is according to modem embryological studies lined by entoderm, no 

U SS re absent in the Scvphozoa. The naanubn^ leads^the 
general internal gastrovascular cavity, £ c “ Tbe ground plan 

polypoid, i-e., orally-aborally elongated tFtg^ieiBh 

— d of gastrodermis and 
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;ogloea (plus certain epidermal enclosures), project along the inter- 

ii, part way into the interior (Fig. 161.4). They divide the gastro- 

cular cavity into an uninterrupted central part, the central stomach , 

. four perradial gastric pouches or pockets, which together are often 
ken of as the coronal (or coronary ) stomach. Peripherally each 
h um is pierced by a circular opening, the septal ostium ; the four ostia 
the gastric pockets into communication and constitute a ring sinus , 
Lewhat corresponding to the ring canal of hydromedusae. From the 
umbrellar surface, the four subumbrellar funnels penetrate deeply into 
mesogloea of the septa, each of which is thus caused to bulge laterally , 
rowing the passages between central and coronal stomach (Figs. 
A and 162B). Each septum contains a strong longitudinal muscle 
d, the septal muscle , which is of ectodermal origin (Fig. 1622?) . The 
inner edge of each septum bears numerous tentacle-like gastric 
nents (< digitelli ) arranged in a row ( phacella ) on each side (Fig. 1621?). 

* filaments consist of a mesogloeal core covered with gastrodermis 
led with nematocysts and gland cells. 

The division of the gastrovascular cavity into a central stomach and 

• gastric pouches by means of septa is characteristic of the Scypbozoa 
distinguishes them from hydrozoan medusae. Although the gastric 

kets may be regarded as very broad radial canals, their manner of 
nation is quite different. The radial canals of hydromedusae arise 
active gastrodermal outpushings (page 427); the septa originate in 
hozoan larvae as ingrowing folds of the body wall, and the gastric 
kets are merely the necessary consequence of this process. The 
irrence of gastric filaments and the penetration of the septa by 
subumbrellar funnels are also characteristic features of the Scyphozoa. 
The condition of the gastrovascular system just described obtains 
:he adults of the orders Stauromedusae, Cubomedusae, and Coronatae 
is limited to the larval stage (scyphistoma) of the other orders. In 


process of medusa formation from the scyphistoma by 


transverse 


on (page 522), the septa degenerate, and the larval funnels flatten 


in their place arise the subgenital pits, whose relation to the larval 


lels is uncertain. There is a large central stomach whose margin is 
n slightly scalloped into four or more divisions, but these have no 
lion to the true gastric pockets of lower forms. ^Numerous gastric 
oents spring from the stomach floor in interradial bands or groups, 
from the periphery of the stomach simple, branched or anastomosed 
al ca n a l s or wide channels run to the periphery where a ring canal may 
aay not be present (Fig. 162A). The gonads occur in the stomach 
r as bands or sacs and may hang down into the subumbrellar cavity, 
rhe Stauromedusae have two kinds of nematocysts, atrichous 
tiizas and microbasic heterotriehous euryteles (Fig. 1642?, F). The 
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Fio iw-fcnto.. , ■>-•»-? . ih-qar sis: K«h*rsr 

bell of a semaeoatome (half only shown). • agI ., (Coronatae) to show muscular- 
medusa (HaliH^ue) C • (^os^meae) to show 

ture. {After Komai, 1935.) • , „ M ac i e bundles of tentacle of Pelagia (cross 

musculature and gastrovascular dumnd** ^fj^ter Krasinelca. 1914.) 1. oral 

section). F. Single muscle ce 11 t - filament* 5 stomach; 6 , radial channel, 7, 

arm: 2. subgenital pit: 3, f " “ d 9 ^^L^Tchannenn lappets: 10. coronal muscle; 
rbopalium; 8 hood of lappe to; 13. epidermis: 14. gastrodernns; 15. col- 





METAZOA OF THE TISSUE GRADE OF COSSTRUCTIOS o03 

phistomae of the semaeostomes and rhizostomes have abo the^e same 
, sorts, but the adults often possess in addition a third kind, holo- 
hous isorhizas. The nematoevst types of the other orders are not 
■quately known. The group is thus as a whole homogeneous as 

ards the nematoevst types. 

The muscular system, as in the hydromedusae, is practically wholly 
dermal and limited to marginal and subumbrellar structures. lu- 
st conspicuous feature is the coronal muscle, the strong and broad 
‘ular muscle band of the subumbrella (Fig. 162C\ D). ThL- is com- 
oly broken up into 4. S. or 16 fields by radial mesogloeal partitions and 
ice has a polygonal shape. The coronal muscle constitutes the swim- 
ig mechanism and Ls therefore highly developed in all the orders 
ept the sessile Stauromedusae, where it is represented by a narrow 
rginal band (Fig. 165.4). The regular longitudinal epidermal system 
ieveloped to different degrees in the various orders. It occurs as the 
>ng longitudinal fibers of tentacles (Fig. 162£\ F) and pedalia, as a 
gitudinal layer in the manubrium and oral lobes, as strong fibers in 
axes of the long oral arms of the Semaeostomeae. and as a radial 
et or radial bands, usually 4. S, or 16 in number, extending on the 
umbrella from the manubrial base to the inner edge of the coronal 
sole or through this muscle along the mesogloeal partitions that 
ide the radial sheet into fields. In some forms the radial band- 
erge into a fan shape as they proceed from the manubrium and so 
n triangular muscles known as delta muscles (Fig. 162C). The 
E>ets may contain circular fibers of the same series as the coronal 
?cle, or short ra dial fibers may extend into them from the outer edge 
:he coronal muscle (Fig. 162C, D). The septa of the lower orders 
i the scyphistoma larva are provided with strong longitudinal band-, 
septal muscles, best developed in the Stauromedusae and serving to 
tract the animal. Embryological study shows that the}' are of 
xlermal origin. Circular ga-t rodermal muscles appear to be absent 
he Scyphozoa. 

The marginal sensory bodies consist of rhopalioid s in the Stauro- 
lusae (which see), rhopalia in the other orders. The rhopalia are 
ae on the sides of the bell in Cubomedusae, on pedalia in most Coro- 
and in the niches between the marginal lappets (Fig. 161C) in the 
* r Coronatae, the Semaeostomeae, and the Rhizostomeae. Each 
palium is set in a sensory niche whose roof is formed by a hood-like 
msion of the exumbrella (Fig. 163R, C). The marginal lappets 
veen which the rhopalia occur in the Semaeostomeae and Rhixo- 
neae, often called rhopahal lappets , derive directly from the lappets 

i vine; 16, septum; 1/, subumbrellar funnel; 18. septal muscle; 19, gastric pockets* 20 
ltocvsis. ' * 
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he ephyra larva, and may remain of small size as protective lappets 

the rhopalium (Fig. 163(7). The rhopalium itself develops at the 

e of the primary larval tentacles but is not, as often stated, a reduced 

transformed tentacle. It is a small hollow club, essentially a ten- 

ilocyst, very similar to the lithostyles of the Trachylina (Fig. 163 #, C). 

> gastrodermal lining of the interior heaps up at the free end into a 

>s of polygonal cells each of which contains a statolith (Fig. 164A). 

s mass together with the overlying flat epidermis constitutes a 

ocyst or organ of equilibrium. The statoliths are composed of 

ium sulphate (gypsum) with a small admixture of calcium phosphate. 

; epidermis of the sides and base of the rhopalium is mostly or in 

ted areas immensely thickened into a very tall sensory epithelium 

;s. 163#, 164A), provided with long sensory hairs, and underlain by a 

ns of nerve fibers and ganglion cells. In addition, in most Semaeo- 

neae and Rhizostomeae, the exumbrellar side of the hood over the 

lory niche bears a pit lined with sensory epithelium and often called 

outer olfactory pit; a similar inner olfactory pit may occur in the floor 

he sensory niche (Figs. 163# and 164A). The term olfactory is 

iously gratuitous, since, so far as knowm, these pits serve the same 

>ral sensory functions as sensory epithelium elsew’here and hence will 

\ be termed simply sensory pits. The rhopalia of some Scyphozoa, 

ibly the Cubomedusae, are provided with ocelli (Fig. 168-4) w r hich 

r be pigment-spot ocelli, pigment-cup ocelli, or complicated eyes 

ided with a lens. Ocelli also occur on the rhopalia of some Coro- 

te, and in a few other forms, as Aurelia (Fig. 164-4), but in general the 

>alia of semaeostomes and rhizostomes lack ocelli. 

rhe nervous system differs from that of the Hydromedusae in the 

nee of a marginal nerve ring except in the Cubomedusae. It has 

i carefully described for only a few species. It consists of the 

>alial ganglia and of the usual subumbrellar plexus of ganglion cells 

fibers, tending to concentrate into radial strands along the main 

L In Rhizostoma (Fig. 163 .A) there is also a more or less circular 

ngement of the main part of the subumbrellar plexus. The rbopalial 

;lia are concentrations of nerve cells near each rhopalium; they con- 

with the subumbrellar plexus and with the nervous plexus found in 

rhopalium and sensory niche. The rhopaiial ganglia have no direct 

Lection with each other except in Cubomedusae. The subepidermal 

is also extends throughout the manubrium and oral lobes and into 

tentacles. A subgastrodermal plexus in the walls of the gastro- 

ular system has been found in the Stauromedusae and is probably 

ral throughout the class. The batteries of nematocyst s so common 

he bell of Scyphozoa seem also to be accompanied by special con- 
rations of nervous tissue*. 
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In some of the higher Scyphozoa. the radial canals open on the 
umbrellar surface near the bell margin by the so-called excretory 
es. It is stated that dissolved nitrogenous wastes and nitrogenous 
mles are emitted through these pores. 

The Scyphozoa are dioecious, with the exception of a very' few herma- 
cxlitic forms, as Chrysaora. The sex cells originate and ripen in the 

> of the gastrodermis, which forms an epithelium over them. In those 
?rs with septa, the gonads are borne on both sides of each septum, 
ce eight in number, as elongated or looped folded bodies projecting 
i the gastric pockets. There are accordingly two gonads in each 
ket (Fig. 161A). In the Semaeostomeae and Rhizostomeae, which 
: septa, the gonads occur in the floor of the gastric pockets, peripheral 
tie zone of the gastric filaments and above the subgenital pits to which, 
ever, they have no functional relationship. They usually form four 
red folded bodies (Fig. 171A) but may hang down as bags. In some 
ostomes the four subgenital pits fuse to a cavity, the subgemtol 
icus , situated beneath the central stomach and retaining the four 
inal openings (Fig. 172 F). The gonads in such species lie above this 
icus and often hang down into it. It is believed the sex cells are 
harged into the porticus, which may act as a brood chamber. In all 
t Scyphozoa the sex cells rupture into the gastrovascular cavity- and 
pe by the mouth. The eggs develop in the sea water or in the folds 
ae oral arms into a coeloblastula and then a solid or hollow planula. 

> in most scyphozoans after attachment develops into a tentaculate 
poid larva, the scyphistoma , having a stalked trumpet-shaped body, 
?ned aborally by an adhesive disk and provided with four septa and 

subumbrellar funnels (Fig. 171D). This is often followed by a 
ag, free-swimming medusan stage, the ephyra (or ephyrula) (Fig. 1725) 
?h undergoes extensive transformation into the adult medusa, 
ails of the development are given in connection with the account of 
i order. 

histologically, the chief difference from the Hydrozoa concerns the 
3gloea. The jelly not only- contains fibers, often so numerous as to 
e the bell stiff and rigid, but also loose amoeboid cells (Fig. 164C), 
ncertain origin, but probably largely epidermal. The mesogloea is 
:e more accurately termed collenchyme. Although often similar to 
ilage in consistency, it is not chemically related to cartilage (see page 
. The collenchyme occurs everywhere between epidermis and 
rodermis, from both of which it is always separated by a mesolamella. 
epidermis consists of the usual flattened to columnar cells, may be 
Hated on subumbrella and elsewhere, and contains abundant nemato- 
s, sensory, and gland cells. The latter secrete mucus, which in some 
ies is given off in considerable quantities. Special types of gland 
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cell? are found in the anchors and pedal disk of the Stauromedusae and 
the pedal disk of the scyphistoma. Sensory epithelium is mostly limited 
to the rhopalia and their vicinity, as the marginal circular bands found 
in hydromedusae are absent. The sensory epithelium has the typical 
histology (Fig. 109.4). consisting of elongated sensory nerve cells between 
regular epidermal cells The coronal muscle fibers and in some cases 
the longitudinal tentacle fibers are cross-striated; otherwise the muscle 
fibers are smooth. Muscle fibers are for the most part basal extensions 
of epidermal cells (Fig. 109G, H ); but the epitheliomuscular cells may 
be internal to the regular epidermal cells so that the epidermis appears 
two-layered in muscular regions of the subumbrella (Fig. 164D). The 
coronal muscle fibers are borne on scallops or plates of hardened collen- 
chyme, circularly arranged, and the delta muscles may be similarly 
fastened to radial plates. In Pelagia (Fig. 162 E) the longitudinal 
tentacle fibers are independent of the epidermis and are attached to 
lengthwise folds of mesolamella that dip into the collenchyme between 
epidermis and gastrodermis. The gastrodermis often differs in different 
regions of the coelenteron and may be glandular, pigmented, or vacuo- 
lated : that fining the manubrium is commonly different from that of the 
interior. The gastrodermis is flagellated, and its flagella maintain 
definite currents through the gastro vascular system. In semaeostomes 
and rhizostomes a flat gastrodermal lamella runs through the jelly 
between the gastro vascular canals. The gastric filaments are interesting 
as an example of gastrodermis containing nematocysts. 

The Scyphozoa differ then from the hydromedusae in the absence of 
a velum, the presence of subumbrellar funnels, the gastrodermal location 
of the gonads, and, in the orders Stauromedusae, Cubomedusae, and 
Coronatae, in the division of the gastrovascular cavity by the four septa 
combined with a lack of typical radial and circular canals. On the other 
hand, the gastrovascular system of the orders Semaeostomeae and Rhizo- 
stomeae resembles that of hvdrozoan medusae, having radial and some- 
time circular canals. In their scalloped margins and possession of 
temaculocvsts as marginal sense organs, the higher Scyphozoa recall the 
X a reomedusae , but differ from the medusae of the Hydroida. The 
septal division of the gastrovascular cavity and the presence of gastro- 

dermal tentacles suggest an affinity with the Anthozoa. - 

3 Order Stauromedusae or Lucemariida.— ’ The Stauromedusae are 
-cvphozoans with a polypoid, goblet- or trumpet-shaped body that 
a t’ the oral end into a broad concave subumbrella and tapers 

ainrally into a Ions or short stalk or peduncle, 

lacking lean, an adhesive dick by which the animals attach to 
• w shells, rocks, etc., in polyp fash, on. There are a fouroromered 
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uth with small oral lobes, and a short quadrangular manubrium. 
;ween manubrium and margin four deep subumbrellar funnels sink 
, the interior (Fig. 165A, D). The margin may be circular, bearing 
tacles, but typically is drawn out into eight (or four bifurcated) 
adial arms or lobes, each tipped with a bunch of short capitate tenta- 
i, n um bering 20 or 30 to hundreds (Fig. 165 D, E, F). On the e.vum- 
llar side of the margin, halfway between the lobes, i.e., on the per- and 
;rradii, are borne the eight rhopalioid marginal bodies, which are 
ply reduced tentacles, lacking any special sensory character. They 
best developed in Haliclystus (Fig. 165F, B), in that genus termed 
hors or coUetocyslophores; these are thick horseshoe-shaped or oval 
aions made of elongated cells secreting adhesive material (Fig. 166.1). 
! rhopalioids may also consist of simple tentacle-like projections; 
Lucemaria and several other forms, rhopalioids are absent in the 
It state. 

The gastrovascular system closely resembles the ground plan already 
:ribed. It is divided into central stomach and four perradial pouches 
the four interradial septa, each of which encloses a subumbrellar 
lel (Figs. 161A, B and 165A). The pouches communicate peripher- 
by way of the septal ostia, forming a ring sinus. The gastrovascular 
ty continues into the eight arms, the tentacles, and the rhopalioids. 
septa are provided with the usual gastric filaments and septal muscles 
also contain at the sides of the funnels ectodermal masses, which are 
i of nematocyst formation. The septa continue into the stalk to the 
d disk, as separate projections in some genera, in other genera, as 
xlystus, fusing in the center of the stalk and so forming four longi- 
nal canals in the stalk (Fig. 165 H). In some Stauromedusae. longi- 
nal partitions, the cJaustra, are present between the septa, dividing 
gastric pockets into inner and outer sets (Fig. 165J); the outer set is 
pletely closed off, except below. 

rhe coronal muscle is represented by a marginal band (Fig. 165.1). 

re are radial epidermal muscle fibers and septal muscles. The nervous 

- m differs in the presence of a well-developed exumbrellar plexus in 

tion to the usual subumbrellar plexus. The gonads are elongated 
es borne on the faces of the septa. 

lie Stauromedusae are inhabitants of bays, sounds, and coastal 
>rs, mostly in the colder parts of the earth. They cannot swim and 
astened in a pendant attitude to seaweeds, and less often to other 
ets. Some can detach and reattach at will, moving about in hydra 
on, using the anchors or tentacles for adhesion. In other cas^s, it 
are that reattachment is impossible, as the pedal disk is permanently 
ned by a chitmous secretion. The Stauromedusae are of moderate 
usually several centimeters across the oral end, and mostly of 
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iwnish or greenish coloration, although other colors as pink, orange. 
I blue or violet, also occur. Some can assume the color of the plant 
vhich they are attached by absorption of its chromoplasts through the 
al disk. The Stauromedusae feed upon small animals. They appar- 
ly breed at all seasons and may live for several years. The principal 
[ most common genera are Haliclystus (Fig. 165 E), with eight anchors 
. four stalk canals (Fig. 165//), and Luccrnaria ' Fig. 165 D), without 
palioids and with a single stalk canal. Some other genera, seldom 
l, are SasakieUa and Kiskinouyea (Fig. 165/), with four bifurcated 
is ; Lipkea (Fig. 165(7), without anchors and with short pointed terita- 
devoid of terminal knobs; C rater oloph us, similar to Lucernaria but 
l gastric pockets divided by claustra; Halimocyathus, similar to 
idystus but also with claustra; and Dcpasirum without rhopulioids 
with a simple margin bearing 16 tentacle clusters, 
rhe sex cells are ejected by the mouth at night, and after lertilization 
lie sea water develop into coeloblastulae and then into solid unciliated 
niform planulae (Fig. 166/?). The entoderm arises by multipolar 
ession. The planulae creep for several days, attach at their anterior 


s, develop a mouth as they begin to feed, and bud off other larvae by 
ns of stolons (Fig. 174 F). The larvae in the coses observed always 
ch in groups, since single ones seem unable to vanquish the animals 
1 as food (rotifers, nematodes, copepods). Eventually the larvae 
gate into stalked, trumpet-shaped polyps, which develop a man- 
um, lined by entoderm, and put out first two, then four, eight, etc , 
acles (Fig. 166 C—F). The first eight tentacles are per- and interradial 
become the anchors through transformation of their basal ectoderm 


adhesive cells and reduction of their distal ends into knobs Fig. 
?)• The later tentacles are adradial and are shifted into eight groups 
ie extension of the umbrella into eight lobes. The mesogloea appears 
te four-tentacle stage and seems to be secreted by both germ layers, 
le the first tentacles are sprouting, the entoderm of the body wall 
:ens along four interradial lines and, accompanied by mesogloea 
s inward as the four longitudinal septa (Fig. 166(7). Four ectodermal 
es proliferate from the subumbrellar ectoderm into the septa, forming 
eptal muscles (Fig. 166 H) and those parts of the funnel walls that 
me sites of nematocyst formation. The funnels are later ectodermal 
pnations from the subumbrella into each septum (Fig. 166//). Near 
aargin, the outer part of each septum perforates as the septal ostium 

® or C«7bdeida.-The members of t hit order 

cuboidal bells With fnnr floitATwwl • 1 
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ansverse section (Fig. 167). From the four interradial corners, slightly 
x>ve the margin, springs a tentacle or group of tentacles. Each tenta< !<• 
differentiated into a basal flattened tough gelatinous blade, the 
dalium, and a long, hollow, flexible, and contractile portion beyond 
,e blade, armed with rings of nematocysts (Fig. 167.4, D). Sot in a 
che above the margin in the center of each flat side, i.e., perradially , 
curs a rhopalium (Fig. 167.4, C). The subumbrella bends inward at 
e bell margin as a velarium, resembling and functioning as a velum, 
>m which it differs anatomically in being a purely subumbrellar exten- 
m (Fig. 167C). The gastrodermal lamelia of Cubomedusae reaches the 
11 marg in in such a way as to cut off completely the exumbrellar from 
e subumbrellar epidermis. In consequence, tentacles, velarium, and 
opalia consist of subumbrellar epidermis plus gastrodermis. The 
larium is supported by four perradial gelatinous folds (frenula) which 
tend to the subumbrella below the rhopalia (Fig. 167C ). 

In the center of the deep cuboidal subumbrellar cavity is found the 
art quadrangular manubrium, encircled at its base by the four sub- 
lbrellar funnels. The central stomach occupies the summit of the bell 
die the four gastric pockets, much flattened, are located in the four 
t sides (Fig. 1672?). The comers of the bell contain the four septa, 
tending completely across from ex- to subumbrella. Above, the septa 
jject into the comers of the central stomach and as they here enclose 
; four subumbrellar funnels, they greatly narrow the openings from the 
itral stomach into the gastric pockets (Fig. 1672?). In th^ central 


imach the free edge of each septum bears a bunch or U-shaped group 
gastric filaments. In the genera Chiropsalmus and Chirodropus the 
per parts of the gastric pockets are evaginated and hang down into the 
jumbrellar cavity as eight simple or branched subumbrellar sacs Fig. 
ID). The gastric pockets give off a canal into each rhopalium and 
ow this point are divided in two by perradial folds continuous with 
: frenula of the velarium. At the bell margin the pockets communicate 
way of openings in the septa and form a ring sinus, also giving off a 
lal into each tentacle and blind canals and pouches into the velarium. 
The muscular system is wholly subumbrellar, as velarium and 
itacles are subumbrellar extensions. The nervous system differs from 
it of other Scyphozoa in the presence of a marginal nerve ring that 
ps upward in each perradius to connect with the rhopalia (Fig. 
A, C). Each rhopalium is a stalked knob whose cavitv is connected 
h the adjacent gastric pocket (Fig. 168.4). The knob contains a 
?e gastrodermal statolith and one or more ocelli, which, curiously 
•ugh, are located on the inner surface of the rhopalium and hence look 
> the subumbrellar cavity. The ocelli often comprise large complex 
s and smaller simple ones (Fig. 168 . 4 , B). The simple ocelli consist 



/ ////✓>; 



il» 





METAZOA OP THE TISSUE GRADE OF CONSTRUCTION 


515 


[ a depression containing a lens-like body and lined by a tall pigmented 
jidermis. The complex eyes have a covering epidermis, a biconvex 
illular lens, and a cup composed of two lengths of elongated retinal 
;lls (Fig. 1685). The ends of the retinal cells next to the lens are clear 
ad glassy forming a refractive “vitreous body,” and their middle por- 
ons are pigmented, constituting a cup-like pigment zone. The gonads 
■e eight thin flaps attached along one edge to a septum (Fig. 167.1). 

The Cubomedusae are characteristic of warm shallow waters of 
opical and subtropical regions, inhabiting bays, harbors, and shore 
aters of continents and islands, but are also found in the open sea. 
hey are strong and graceful swimmers and voracious feeders, subsisting 
lostly on fish. The rate of pulsation of the bell is said to exceed that 
' any other scyphozoans and may reach 120 to 150 contractions per 
inute. The group is noted for the virulence of its “sting,” whence the 
i mm on name of “sea wasps.” The Cubomedusae may attain con- 
ierable size, reaching a height of 10 to 25 cm., but most range between 
and 4 cm. They are colorless, with some color upon tentacles. The 
■incipal and best known genus is Carybdea (Fig. 1 67 A ) , with four single 
idalia and tentacles; each rhopalium has generally two large eyes and 
ur small ones (Fig. 168/1). Tripedcdia (Fig. 167(7) has three pedalia 
id tentacles on each bell comer. In Chiropsalmus (Fig. 167 D), there 
'rings from each bell comer a large thick pedalium that branches into a 
imber of smaller pedalia with tentacles. This genus is one of the most 
ingerous coelenterates (page 392) and is greatly feared by Philippine 
id Japanese natives, who term it “fire medusa.” Very little is known 
the life cycle of the Cubomedusae. The egg of T ripedalia was observed 
lonant, 1897) to develop into a planula that attached and became a 
dypoid larva with four tentacles. 

6. Order Coronatae. — The medusae of this order present a more 
pical scyphozoan appearance than do the preceding orders, having 
nical, dome, or flattened scalloped bells, characterized by the coronal 
oove (page 499, Fig. 169/4). Just below the coronal groove, the jelly of 
e bell is sculptured into a circlet of thick pedalia, separated from each 
her by radiating grooves that are in line with the center of the marginal 
3 pets (Fig. 169/1, (7, 27). Some or all of the pedalia bear a single solid 
utacle. Below the zone of pedalia, the bell margin is scalloped into 
3pets that alternate with the pedalia. In the niches of some of the 
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i the genus AtoUa (Fig. 169 E) the rhopalium-bearing pedalia form a 
rclet below the tentacle-bearing ones. Rhopalia, pedalia, and tentacles 

cur to the number of four or some multiple thereof. 

The large quadripartite mouth opening with a simple border leads 
to the short manubrium encircled at its base by the four subumbrellar 
nnels (Fig. 1695). The upper part of the bell contains the central 
nnach, from whose periphery the four low triangular septa extend 
ally, widening as they do so. Their edges, which project into the 
ntral stomach, bear a thick band of gastric filaments; as usual the 
pta enclose the subumbrellar funnels. A membrane (claustrum) 
tending between the septa reduces the communication between central 
d coronal stomach to four slits, the gastric ostia (Fig. 1695). The 
ronal stomach differs from that of all other Seyphozoa, consisting of a 
de ring sinus occupying the lower half of the bell (Fig. 1695). This 
ms results from the reduction of the septa in this region to bulges (still 
ataining the funnels) on the subumbrellar side; only at four limited 
erradial points (the septal nodes or cathammata ) are the septa fused 
ross with the exumbrellar side. From the ring sinus, canals are given 
into the pedalia and marginal lappets, uniting in the latter to a festoon 
aal. 

The rhopalia of the Coronatae may bear ocelli (Fig. 170C). There 
! often well-developed coronal, radial and delta muscles. The eight 
scentic or U-shaped gonads (Fig. 1695) occupy the usual position on 
i walls of the septa. 

The Coronatae are typically inhabitants of the deeper waters of the 
an, and some species are known only from the collections of deep-sea 
edging expeditions. Others, however, as N a usithoe (Fig. 169C) 
i Linuche (Fig. 1695), are surface forms in warmer waters. The 
ronatae are of small to moderate sire, reaching a diameter of 10 to 
cm., although most are below 5 cm. in diameter. The deep-water 
ms are often maroon or purple in color, the surface forms of lighter 
ors. The principal genus, Periphylla, with a dome-like bell, has 16 
Pets and 16 pedalia, four with rhopalia, and 12 bearing tentacles 
g. 169A). There is apparently but one species, P. hyacinthina, with a 
rple bell, common in the deep waters of all oceans and occasionally seen 
the surface. The similar PenphyUopsis differs in having 24 lappets 
1 pedalia, and 20 tentacles. The bowl-shaped Nau&ithoe (Fig. 169(7) 
I thimble-like Linuche (Fig. 1695) both have eight rhopalia and ten- 
les and 16 pedalia and lappets. These two genera are very common 
shallow water in the Bahama- Florida region and in similar localities 
various parts of the world. AtoUa (Fig. 1695) with two alternating 
s of pedalia 16 to 32 tentacles and rhopalia, and dark-red shallow 
l, is another deep-sea form, usually not taken above 200 m. Atorella. 
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turf ace form, varies from the tetramerous plan of other Coronatae, 
ring six rhopalia and tentacles. 

Knowledge of the development is scanty. In Ltnuche , the eggs shed 
o the sea water cleave to a coeloblastula, which becomes a pianola 
invagination of the entoderm. The typical ephyrae have been often 
n and presumably come from a scyphistoma. In Xaunthoe the 
phistoma stage occurs as a colony of trumpet-shaped polypoid* 
g_ 170.4) with an expanded oral end fringed with short tentacles and a 
Ik clothed with a ringed periderm. This colony, long known under 
■ name Stephanosq/phus (earlier Spongicola), commonly permeates the 
erior spaces of sponges but may also occur in association with other 
mals or on inanimate objects. The polyps differ from typical scyphis- 
aae in the absence of subumbrellar funnels and the presence of numer- 
! longitudinal muscle bands in addition to the four septal muscles, 
ey undergo typical polydisk strobilation (Fig. 170/3) into ordinary 
lyrae (Komai's account, 1935). 

6. Order Semaeostomeae. — The semaeostome medusae are the most 
►ical and familiar members of the class and the only ones usually seen 
temperate regions. The flat, saucer-, or bowl-like bell is marginally 
lloped into eight to many lappets (Fig. 161C). There are typically 
r 16 rhopalia borne in some or all of the niches between lappets, but 
ae species present irregular numbers. Between successive rhopalia 
ur one, three, five, seven, or many tentacles, set either in the niches, 
an the lappets, or on the subumbrella. When numerous, the tentacles 
y be distributed along the margin as in Aurelia (Fig. 171.4) or grouped 
a U- or Y-shaped bunches as in Cyanca (Fig. 170D). The four angles 
;he mouth are drawn out into four long frilly pointed or rounded lol*es, 
oral arms, which are open troughs with thin sides and a thick stiff 
itinous axis (Fig. 170 D). As already noted, septa, subumbrellat 
nels, and gastric pockets are lacking in the adult semaeostomes. 
some genera four shallow depressions, the subgenital pits, occur on the 
umbrellar surface beneath the gonads but are often al)sent (Fig. 

A). Theshort manubrium leads into the capacious stomach, the periph- 

of which is often scalloped into pouches by projections of the jellv. 
merous gastric filaments spring in interradial bunches or bands from 
floor of the periphery of the stomach (Fig. 171.4). Numerous simple 
branched radial canals or broad channels run to the bell margin where 
y branch to rhopalia and tentacles (Figs. 170D and 171.4). A ring 
ai is generally absent. The coronal muscle and the radiating muscles 
;he marginal lappets are often conspicuous (Fig. 170D). 

The semaeostome medusae in general inhabit the coastal waters of all 
ans and of all zones and may occur in enormous numbers. They 
mostly in warm and temperate latitudes, but some species, partic- 
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!y of the genus Cyanea (Fig. 170D), extend into polar regions. Only 
renus Pelagia (Fig. 17l£), which lacks a fixed larval stage, inhabits 
apen ocean. The group typically dwells at or near the surface ut 
if occur in deeper waters. Most species have a rather wide distn- 
an. The semaeostomes are of moderate to large size, ranging mostly 
een 5 and 40 cm.; but Cyanea ardica may be over two meters (7 feet) 
s, the largest known coelenterate. The group exhibits a variety of 
ate and exquisite colorings, often in patterns of spots and streaks, 
frequently certain structures, as the gonads, are of stronger coloration 

the belL 

lie order is divided by Mayer into the families Pelagidae, Cyaneidae, 
Ulmaridae. The Pelagidae have single tentacles borne in the niches 
'een the lappets, simple radial channels from the stomach to the 
>hery, and no ring canal. The chief genera are Pelagia i Fig. 171J3), 
16 marginal lappets and 8 alternating tentacles and rhopalia; 
saora, with 32 lappets, 8 rhopalia. and 3 tentacles between sue- 
ve rhopalia; Doctylometra, characteristic of warmer waters, with 48 
ets, 8 rhopalia, and 5 tentacles between successive rhopalia. Son- 
i with 16 rhopalia alternating with 16 tentacles Is not common. In 
Dyaneidae the tentacles are clustered, and the wide radiating gastro- 
iilar channels branch extensively in the lappets; a ring canal is 
at. The only co mm on genus is Cyanea (Fig. 170D) with eight 
alia and eight adradial V-shaped clusters of tentacles springing from 
ubumbrella. The Ulmaridae have simple or branched radial canals, 
dimes anastomosing, and a ring canal. The chief genius is Aurelia 1 
1714), with eight marginal lappets and numerous short tentacles 
e on the edge of the lappets. Phacellophora, from northern water-, 
aracterized by 16 rhopalia and tentacles in linear groups on the 
rside of the margin. 

'he developmental history has been studied in several genera, espe- 
r Pelagia, Aurelia, Cyanea, and Chrysaora. Sexual maturity com- 
y occurs in spring or su mm er; the sexes are separate except in 
saora, which is somewhat hermaphroditic. The eggs us ual ly 
lop to the planula stage in pockets formed by the frills of the oral 
except in Chrysaora, where they develop inside the gonads. Follow- 
1 coeloblastula stage there are vestiges of multipolar ingression 
171 C) but the cells so passed into the blastocoel later disappear, 
:he definitive entoderm arises by a more or less typical invagination 
171 C). The blastopore closes, and the hollow, two-layered planula 
>es, swims about, fastens by the anterior end, and develops into a 
al scyphistoma larva of trumpet form with basal stalk, adhesive 

according to Mayer, the original and hence correct spelling of this -.m. a 
Sul 
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pedal disk, and expanded oral end with mouth, manubrium, and t 
taelcs (Fig. 171D). The mouth breaks through at the site of the clo 
blastopore. All recent accounts agree that the manubrial lining 
entodcrmal, although given as ectodermal in older studies. Se] 
septal muscles, septal ostia, and subumbrellar funnels develop as descri 
for the Stauromedusae. The first tentacles are perradial, followed 
interradial and then adradial ones, to the eventual number of 16 or 
The scyphistoma (in species inhabiting temperate zones) rem ains with 
further change through fall and winter, feeding and producing ol 
scyphistomae by various asexual processes (page 528, Fig. 171D, 
In winter and early spring, the process of strobilation, i.e., the produe 
of young medusae (ephyrae) by transverse fission, sets in. In a 


genera, strobilation is mo nodisk, with but one ephyra forming at a ti 
while in others, the entire polyp undergoes a series of successive transv 
roust rictions (Fig. 172.4) so that it resembles a pile of saucers diminisl 
in size aborally (polydisk strobilation). A large scyphistoma ( Chrysa 
forms 18 to 15 ephyrae (Fig. 172.4). A scyphistoma in procesi 
polydisk strobilation is often called a strobila. In the transformatio 
the oral end of the scyphistoma into an ephyra, rhopalia develop at 
l)fts,s of the primary tentacles, which then together with the other 
taelcs arc cast off or absorbed. The septal ostia enlarge, or one may 


that the gastrovascular cavity spreads peripheral to the septa. 

septa are thus left stranded as columns that eventually rupture bee 

of the disintegration of the septal muscles; the septal entoderm rem 

as the cores of the first gastric filaments. The subumbrellar fur 

disappear in the expansion of the oral surface into the subumbrella oi 

ephyra The subgenital pits appear to be later new formations havm 

relation to the larval funnels. The margin at the site of each rhopa 

grow* out into a bifurcated lobe with the rhopalium in the fork so 

each rhopalium is flanked on either side by a lappet. T^e art 

primary lappets and persist as the rhopahal lappets (Fig. 172B). 

ga-trovaseular system sends into each octant a branch that bifur 

around the rhopalium The ephyra when finished is constricted ol 

a mtiM’ular contraction and swims about as a tiny medusa (Fig. 17 

In monod.sk strobilation. the scyphistoma usually regenerates jte ora 

U fore giving off another ephyra. In polydisk strobilation the epl 

an r . b ased at intervals; those below the original most oral one det 

mu- h as descri l *ed above, except that tentacles are absent Se 

. . i. _ . onhvro t he manubrium lining is of entode 


' Tt, -cvphistomae live for several yeanu After a P e "^°^ st ^ 
win..-, am! apringlhey cca* to form nphj^e and 1^ ^ 

f.....!,,,, »„.l huddm* o« other scyph.aton.ae (F.g. mu, V «» 
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following winter, when strobilation again ensues. Their behavior, 
however, depend? much on external conditions, particularly food supply. 
Lack of food suppresses strobilation, and under some conditions develop- 
ing ephyrae may become scyphistomae instead of medusae. 

The newly released ephyra is a minute gelatinous creature, 1 to a few 
millimeters in diameter with (usually) eight lobes bifurcated at their 
ends into two lappets embracing a rhopalium between them (Fig. 172J3). 
From the center of the subumbrella depends the short quadrangular 
manubrium. If successful in obtaining food, the ephyra expands and 
transforms into an adult medusa. The margin between the lobes grows 
out into additional lappets, which become even with the original ephyral 
lappets; the latter may also enlarge or may remain as the small rhopalial 
lappets. The corners of the mouth grow into long frilly oral arms. The 
original gastrovaseular branches are retained and additional ones form by 
branching. The entoderm lamella originates by the fusion of ex- and 
subumbrellar entoderm. The gastric filaments, at first very few in 
number, increase greatly later by entodermal evagination. The mode of 
formation of the subgenital pits seems not to have been ascertained. By 
spring or summer the medusa is complete and ready for sexual 

reproduction. 

The genus Pelagia lacks a scyphistoma stage; the planula transforms 
directly into an ephyra by flattening and pushing out eight bifurcated 
lobes (Fig. 17 IF, G). This type of development is presumably the most 
primitive and recalls the direct mode of development seen among some 


tr achy line medusae. 

7. Order Rhizostomeae. — The rhizostome medusae closely resemble 
the semaeostomes, from which they differ in the absence of tentacles and 
the division and fusion of the oral arms. The firm bell, often provided 
with nematocyst warts, is bowl or saucer-shaped or flattened or even 
concave on top and marginally cleft into numerous small scallops, with 
S or 16 rhopalia. In early stages, the mouth has the usual four-lobed 
margin, but during development these oral lobes grow out and bifurcate 
to form eight thick gelatinous “mouth arms,” which may branch again 
(Fig 172Q The original arm grooves close over to form a canal in eac 
arm the am or brachial canal (Fig. 172D) and the main mouth is usuaU 3 
obliterated by the same process of fusion. The fringed margins of the 
original oral lobes are brought close together, leaving a narrow groove 
ak>ng the inner surfaces of the arms. These grooves communicate al 
frequent intervals with the brachial canals by side canals, and such 
nvunications are the stalled suctorial mouths of which very 
be present (Fig. 172D). In some genera, as Rhizostoina an "P 

173F. G). additional mouth-bearing fringed outgrowths th« 

^ /vi iU/. Ar cnrfflPftS of the STIUS D6&! 




dlLiiiiilillhu- 


k °ui 1 ^—^dopment of aemaeoetomes; rhiaostomes. A. Strobila of a semaeoetome 
i»hly Chryaaora). B. Complete ephyra of same. A and B from slides. (Court exy 
. Galvher.) C. Castnopexa, preserved, Florida. D. Mouth arm of Cassiopeia, showing 
o vaseul ar canals. B. Cross section of genital porticus of Cotyiorhxza. (D and E 

■torT'inlS »• manuhnum; 2, lappets; 3, rhopalium; 4, stomach; 5, canals to 
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beD. The arms usually bear numerous vesicular or elongated or 
mentous appendages (Fig. 172Z>), which are loaded with nematocysts 
l mucous cells and are of great assistance in the capture of food. In 
eral genera a long club-shaped appendage of unknown function hangs 

m from each arm (Fig. 173F , G). 

The eight single or four bifurcated brachial canals pass into the 
fcral stomach, beneath which they may be connected by cross canals, 
m the central stomach numerous radial canals or channels run 
jugh the bell to its periphery, usually anastomosing into a complicated 
work (Fig. 173A, B), in which a more or less definite circular canal 
Y or may not be indicated. In one group of genera the original mouth 

sists (Fig. 174A). 

[fie four subgenital pits are generally present in the ba^e of the mass 
ned by the mouth arms and serve to divide this base into four gelat- 
is pillars. In most rhizostomes, the pits coalesce into a single 
jiform space, the subgeniial poriicus , which lies below the stomach 
;. YJ2E) and so separates the stomach from the general mass of the 
ith arms, which hang from it by the four pillars just mentioned. 
: brachial canals reach the stomach by way of these pillars and their 
s unions lie beneath the porticus. The porticos retains the original 
• apertures. 

rhe rhizostomes have a well-developed subumbrellar musculature with 
oad conspicuous coronal muscle and are vigorous swimmers as a rule, 
ough Cassiopeia has sluggish habits (page 531). 

rhe rhizostome medusae live in shallow waters in the tropical and 
tropical zones of the globe, chiefly the Indo-Pacific region. The 
is Rhizostoma (Fig. 173 F) may extend into temperate waters. The 


ip attains considerable size, ranging from 4 to 80 cm. in diameter. 


order is subdivided on the basis of the mode of branching of the 
th arms. Cassiopeia (Fig. 172C) is typical of a group having eight 
-ally branching mouth arms bearing numerous vesicular appendages, 
i genus has four separate subgenital pits and many anastomosing 
al canals (Fig. 173 A). Cassiopeia is common around Florida and 
West Indies and has been much used for experiment by American 
ters (see below). Cephea , from the Indo-Pacific, and Cotylorhiza r 
i the Mediterranean, exemplify a group of forms in which each mouth 
bifurcates into two short upturned wings; Cotylorhiza ha? a genital 
icus (Fig. 172#). Mastigias (Fig. 173 (?) with several species in the 
•-Pacific, is representative of the tripterous rhizotomes with three- 


jated at tips, fnnged edges closing together; E, bifurcation continued, fringed edges 
I leaving a groove, mouth opening obliterated. F. Rhizoetoma. preserved. G. 
pww. (After Uchida, 1926.) B. Three-winged type of mouth arm {After Slayer. 

•ft cana j 8: circu ! ar canal; 3, rhopalium; 4, subgemtal pit; 5, tentacular 

!, 6, corona! muscle: 7. Bcaouleta: 8. terminal t . 
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ringed mouth arms ;Fig. 173 H). The loriferate rhizotomes. typified t 
Loriura. have long slender mouth arras bearing three rows of frills. T1 
scapulate rhizotomes are characterized by the scapulets, two to each an: 
hence 16 in number. Well-known and widely distributed genera a 
Rhizostoma . with eight long terminal appendages (Fig. 173 F) and Stom 
lophu-s. with a central persistent mouth (Fig. 174A). 

The development is best known for Mastigias and Cassiopeia, althouf 
fragmentary observations are available for several other genera. It 
s'erv similar to that of semaeost omes with the formation of typic 


scyphistomae and ephyrae. The entoderm arises by invagination f( 
lowing vestiges of multipolar digression (Alastigias). The planu 
develops into a scyphistoma as described for semaeost omes. Strobilatii 
appears to have been observed only in Cassiopeia. where it is monodi 
(Fig. 17 AB > : rhopalia develop from the bases of certain tentacles and tfo 
all the tentacles disintegrate. A typical ephyra with eight bifurcat 
arms and eight rhopalia is known for a number of genera, but in Cassiopi 
the ephyra has an evenly scalloped edge with 16 or more rhopalia (F 
17TB). The young medusae possess a typical four-lobed mouth (F 
173C). but as these lobes expand they bifurcate, and the fringed edf 
approximate to form grooves with mouths (Fig. 173D, E). The fc 
genital pits are also always separate at first but in most genera expand a 

coalesce to become the porticus. 

8 Asexual Reproduction and Regulatory Phenomena. Asexi 

reproduction is limited to larval stages. In the Stauromedusae, 1 
larvae prior to tentacle formation put out one to four stolons (Fig. 174 
that detach, become vermiform creeping larvae, attach, and develop 1 
larvae from planulae. The scyphistomae of semaeostomes and rhx 
stomes produce other scyphistomae in various ways. They may 
direct lv from the side of the stalk after the manner of hydra J but usu« 

thev ~nd out hollow stolons from stalk or base (Fig. 
stolons bud off one or more scyphistomae and then detach (Fig- 1*1 
If cut off before thev bud. such stolons develop directly into scyphistom 
Fragments left behind when scyphistomae move about regenerate^ 

scvphistomae instead of ephyrae. InCo^pem, the nppe. 

tlt-Z like planulae Jig. 174C-E). In C^^nder ^U 
not understood, the pedal *-1. or t » v e 

but H oid ones are t C*ned M* 
~ ttbleh rt^eeo^a £ 

ihe tentacles (CArywto ro), which roond up , 
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ciliated pseudoplanulae and then develop into seyphistomae. Tentacles 
cut from the scyphistoma behave similarly; but in both eases the tentacle 
base, actually a pan of the oral surface, must be included. Depreseed 
seyphistomae may recover or disintegrate. 

Reduction phenomena are exhibited at all stages. Seyphistomae 
when start ed cease to strobilate and may reduce to a clavate object. 
Ephyrae in the absence of food cast off lappets and rhopalia and reduce 
through a gastrula-like stage to a planula-like object, which may exhibit 
some tendency to attach. Adult medusae when starved reduce to a 
fraction of their volume and lose over 80 per cent of weight, chiefly from 
the collenchyme; gonads, rhopalia, tentacles, and oral arms may lose 
their differentiation and in Cassiopeia, the ‘lappets become blunted and 
the mouth arms reduce to stumps in which the mouth openings fuse over. 


Regeneration has been studied in a number of genera of scyphosoans 
and resembles that of hydromedusae. Halves of bells, or bells from 
which sectors have been cut. close together at the cut surfaces without 
replacing the missing parts. But parts of the margin, rhopalia, oral 
arms. etc., axe replaced perfectly. The entire gelatinous oral mass of 
rhizostomes when cut off is regenerated completely. In Cassiopeia it 
has been shown that marginal excisions are regenerated more rapidly if 
rhopalia are present than if they are removed, and that this result is not 
wholly dependent on the greater muscular activity of the parts with 
rhopalia. Apparently the nervous system exerts some general metabolic 
effect on regeneration. Among the Stauromedusae, regeneration has 
been rfudied in Lucemaria (Carlgren, 1909). Halidystus (Child, 1933) 
and Thauma nioscyph us i.Hanaoka, 1935) and resembles that of hydroid 
polvp* If the animal is cut in two at various levels, the oral piece 
regenerates a stalk unless too short and the proximal piece regenerates a 
more or less perfect oral end. including manubrium, tentacle bunches, and 
rhopalioids. when present (Fig. 174G, H). The completeness of saich 
oral regenerates is greater the more distal the level of cut and declines 

proximailv so that level* near the pedal disk may regenerate ve^ 
fectlv Fig. 174G, H). Cross sections regenerate an oral end distaUy 

and a pedal disk or oral end proximally (Fig. 1<4J). depending on ev - 

■ „ lt surface is greater the more proximal the le\el ol toe piece 
7 -It L ' tits lotions of ,he arm bases or piece, from the 

»*Sa£3S3353S 
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■e replaced, sometimes in excess number. Small oral ends or sometimes 
pedal disk grow out from cuts made into the side of Lucernana ' Fig 
- 4 x.) especially if the cut involves a septum. If the umbrella is cut 
■roes’ diagonally, replacement of the lost marginal structures is more 

pid along the higher side of the oblique cut surface. 

Variations in symmetry relations, number of septa, lappets, gonads, 
opalia, canals, tentacles, oral arms, etc., are of extremely common 
currence at all stages. They may be congenital or result from regenera- 

>n after injury. . 

9. Behavior and Physiology.— The Scyphozoa swim by rhythmic 

ilsations of the bell. These pulsations serve more to keep the animals 

ar the surface than to effect progress through the water. Most 

edusae swim horizontally near the surface with the bell upright and 

ilsate at regular intervals, mostly 20 to 100 times per minute. Some 

ecies, however, swim upward until at or near the surface, then cease 

imming and sink with the bell erect or inverted, repeating this behavior 

intervals. This is presumably a food-catching reaction. Some may 

«ve back and forth spreading their tentacles over the largest possible 

ea. Cassiopeia habitually lies upside-down on the bottom of shallow 

roons, adhering by the sucker-like action of a raised circular zone on the 

11, formed of especially tall epidermal cells. While so anchored, 

lguid pulsations of the bell cause water currents to flow over the mouth 

ms bringing respiratory gases and food. The bell contractions are 

celerated by rise of temperature (within limits) and are also more rapid 

5 smaller (younger) the anim al, although slowed in medusae reduced 

starvation. The rate of pulsation is, however, very variable without 

parent relation to external factors. Rough handling, injury, cutting 

ay the oral arms, and other kinds of strong stimulation temporarily 

selerate the pulsation rate, evidently an escape reaction. Touching 

? rhopalia, however, causes cessation of the pulsations and sinking, 

9sibly another type of escape reaction. Flattening of the bell as when it 

iches the surface film or on inversion is also said to inhibit contractions. 

As a velum is absent, the contractions reside solely in the coronal 

d radial fibers of the subumbrella. The coronal muscle has a lower 

reshold of stimulation but a longer latent period than the radial muscles ; 

ace the latter contract first at each pulsation, causing the bell to shorten 

d bulge, followed i mm ediately by the coronal muscle, which contracts 

^ margin. Water is forced out beneath, and the animal is thus pre- 

ited from sinki n g. The contraction is synchronous over the bell. 

e coronal muscle resembles vertebrate muscle in its properties, exhibit- 

; latent period, summation, all-or-none contraction, refractory period, 

i tetany. It also undergoes changes of tone that determine the 

"vature of the bell and the force of the contractions. 
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The effect of extirpation of the rhopalia has been studied by man 
investigators, but the results are variable, depending on the species use 
and the amount of tissue excised, often not clearly stated. The destro 
tion of the statoeysts in the ends of the rhopalia) has no evident effe 
on behavior or locomotion. The removal of the rhopalia may have lilt 
result in some species or may decidedly slow or inhibit contractions, i 
least for a time, in others. Upon excision of the rhopalia] centers fund 
which name are included the rhopalia. sensory niches, and rhopali 
ganglia), spontaneous contractions cease; but in some species they a 
resumed in a short time, in others not for 2 or 3 days (Cassiopeia), whi 
in others they are permanently abolished. In any event, in the absen 
of all rhopalial centers, the contractions are slower, often much slow* 
and more feeble than in the normal animal. The extirpation of tl 


margin between rhopalia has no action, as might t>e anticipate irom t 
absence of a marginal nerve ring in ordinary medusae. The presence 
one rhopalial center is sufficient to maintain the pulsations in a neai 
normal condition. The impulses to contraction are transmitted by wi 
of the subumbrellar nerv e net, since they are blocked if a strip of this 
removed but will pass regions denuded of muscle tissue. All the eviden 
indicates that the bell pulsations are nervous in origin, coming from t 
subumbrellar nerve net but that the rhopalial centers play an import* 
role in reinforcing and transmitting the impulses, to a degree varying 
different species. If long radial cuts are made between rhopalia, ea 
sector provided with a rhopalium beats at a rate independent of t 
others. This indicates that each rhopalial center discharges at its oi 
rate and that the one with the fastest rate controls the rate of h 
pulsation. The rhopalial centers are subject to change, however, so tl 

now one. now another, may take the lead. _ . . 

In bells that have ceased spontaneous pulsation following extirpa 
of the rhopalial centers, contractions can be elicited by mechanic 
electrical, or chemical stimulation. Such contractions may be sm« 
or rhythmical pulsations may be started by such means as, for instan 
immersion in simple salt solutions. Contractions started by stimulate 
one point travel in both directions from that point and w»U pass ak 
strips of bell cut into any imaginable bizarre zigzag ^ape a totsho 
once more the diffuse nature of transmission m the nerve . 
rin^ cut from the interior of the bell, by proper stimulation a contract 
that tSl travel around the ring for days wi. bout 
rate can be initiated. Such rings have been much studied (notat y 
, r , , , L(illK CWopciu). Their rate of pulsation is more 

££.£5 «<*>« r 1 ^ ”t“hX “ 

the ring is cut and the shorter the circuit trav er*4 a«houg^ 
interval must elapse before any given point tn the nng will *8”“ 
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iractory period). The wave will pass regions denuded of muscle 
sue or in which the muscle has been paralyzed by submersion in a 
ution of magnesium salt. Salts of sodium, calcium, potassium, and 
ign esiuin in proper concentration (that of the sea water ? are nece^aiy 
* the maintenance of the wave over long periods, as the stimulating 
ion of sodium is balanced by the inhibitory effect of the three other 
ts. According to Mayer, the rhythmic discharge from the rhopalial 
iters results from a chemical reaction involving calcium. 

From the facts that medusae deprived of statocysts show no dis- 
bances of behavior or orientation and automatically resume the usual 
dtion (bell horizontal) when displaced from it, many workers have 
lied any orienting or equilibratory function of the statocysts, con- 
Rring that the position of the bell in the water results from the weight 
tribution of the parts of the medusa. The orienting function of the 
tocysts has, however, been recently demonstrated for several scypho- 
ns by Frankel and Bozler. If a medusa is tilted out of the horizontal 
ition, the musculature contracts more strongly on the upper than the 
er side, fails to relax between pulsations, and so brings the bell back 
the horizontal position. This “righting reflex is given only when 
tocysts are present on the uptilted region of the bell; if they are 
irpated no reaction whatever occurs to displacements. The righting 
ex is also given if the bell is caused to list by attaching a small weight 
me side; or if the rhopalium is appropriately bent without tilting the 
.. The falling of the rhopalial end weighted with statoliths against 
sensory epithelium of the sensory niche seems to constitute the 
aulus for the reflex; in the hydromedusae where a s imil ar function of 
statocysts is scarcely to be doubted the stimulus would presumably 
e from the rolling of the statocysts against sensory hairs or cells 
mever the bell shifts position. 

Many medusae indicate perception of light intensity by avoidance of 
;ht s unli ght, appearing at the surface in mor nin g or late afternoon, 
descending in midday or darkness. Clouding of the sky may bring 
n to the surface at any time. They are generally inactive in strong 
t and darkness and active in diffuse light, but some exhibit the con- 
y behavior and seem to prefer sunlight. Medusae descend in rough 
stormy weather, although light conditions at such times would 
narily attract them to the surface. A light-perceiving function of the 
spots has been demonstrated for Aurelia (Horstmann. 1934 ). Light 
derates the pulsation rate in normal specimens but has no such action 
r extirpation of the eyespots. Light had no effect on pulsation rate 
yanea, a form devoid of ocelli. However, medusae not provided with 
Li may behave with reference to light, whence the perception of light 
asity by the general sensory epithelium may be inferred . 
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T. he exumbrella appears to be devoid of any sensory percepts 
whatever. 


The reactions of the lower orders have been studied chiefly in 
Cubomedusae. In this group the pedalia have a steering function, i 
if they are cut away, the medusae are no longer able to swim in a direc 
manner. The purpose of the remarkable eyes has not been ascertain 
In Haliclystus, the author was unable to observe any function for 
anchors. They were never seen to be used for adhesion and were insei 
tive to food or touch. The tentacle clusters are extensively emplo; 
in adhering to objects and in locomotion after detachment. Detac 
Haliclystus individuals were observed to make strenuous efforts 
reattach themselves by use of the tentacle clusters but never succeec 
Touching the tentacle clusters with or without food or touching 
subumbrellar surface results in Haliclystus in a vigorous feeding reacti 
the arm concerned is rapidly bent inward so that the tentacle clui 
touches the manubrium. 


Observations on food capture, ingestion, and digestion in Scyphc 
are limited. The group is carnivorous, feeding on almost any anima 
appropriate size, eggs, larvae, pieces of animal flesh, etc. Fish ai 
favorite article of diet. Chuin (1930) has made an extensive stud; 
digestion in the scyphistoma of Chrysaora. Small animals, marine e 
etc., are caught by the tentacles and conveyed to the mouth, which oj 
to receive them. From the gastric filaments and gastrodermis of 
septa, an acid digestive fluid capable of dissolving protein and chiti 
extruded upon the food, which is reduced to a broth in about 6 he 
This broth is phagocytized by the vacuolated type of gastodermal 
within which it undergoes intracellular digestion. These cells are 
to lose their cell walls during digestion, and food vacuoles pass into 
mesogloea where they are taken up by the amoebocytes and ever 
the epidermis. The gastrodermis of the gastric pouches serves ch 
for food storage, in the form of protein granules, fat droplets, and 
cogen The gastric filaments do not participate in either intracel 
digestion or food storage but secrete only extracellular enzymes. 

Ephyrae are voracious feeders, eating chiefly protozoans, alth. 
those of Aurelia were observed to stuff themselves with small hj 
medusae and ctenophores. The food is caught by the lappets 
entangled in mucus. The lappets curve to the mouth and wipe the 

onto the widely opened manubrial edge. s Z 

exumbrella from center to periphery carry small food particles ou 

within reach of the lappets and subumbrellar currents run fr 

margin to the manubrium. In the gastrovascular system curre 

outward along the roof and inward along the floor. 
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Haliclystus (Stauromedusae) , observed in Puget Sound, feeds chiefly 
the amphipod CapreUa, caught by the tentacle clusters, which then 
ckly bend inward depositing the food on the manubrium. Adult 
laeostomes capture their food with the tentacles or oral arms or both, 
lated oral arms or pieces thereof of Aurelia or Cyanea were found by 
nschel (1935) to respond to mussel juice, proteins, peptones, and 
ino acids but not to sugars, starches, or glycogen. Aurelia feeds 
narily on small plankton organisms, such as mollusk, crustacean, and 
icate larvae , copepods, rotifers, nematodes, young polychaetes, 
tozoans, diatoms, and eggs. These collect chiefly on the exumbrellar 
Face, where they become entangled in mucus, and are then passed by 
p ilar action to the margins, where they collect as eight masses in the 
ter of the lappets. These masses are licked off by the frilled edges 
;he oral arms and then transported by flagellary currents along the 
sves of the oral arms and so into the stomach (Orton, 1922). Definite 
ellar currents exist in the gastrovascular system of semaeostomes. 

I urelia, they r un outward along the eight straight adradial canals, and 
he stomach along the branched canals, reaching these by way of the 
; canal. In Cyanea, which lacks a ring canal, the currents pass periph- 
ly along the roof and centrally along the floor of the wide gastro- 
lular channels and are much assisted by bell contractions. 

rhe details of digestion are best known for rhizostomes, mainly 
•ugh the work of H. G. Smith (1937) on Cassiopeia, from whose 
>unt most of the following is drawn. The food consists usually of 

II animals or bits of flesh, which are caught by the tentacular fringe 
d by the vesicular appendages. These last were observed to shoot 
bags of nematocysts and mucus at small crustaceans. The term 
orial mouths appears to be a misnomer, since there is no evidence of 


orial action, and the food entangled in mucus is swept inward by 
diary action. The manner of ingestion of large prey, such as fish, by 
b rhizostomes is not understood although it is supposed that the prey 
ftened and macerated by digestive juices exuded upon it before it is 


n into the mouths. After the food has been caught, the mouths open 
(Fig. 174JV) and the mucus food strings are carried by flagella 
the brachial canals in which there are ingoing currents in the floor 
outgoing currents in the roof. The ingoing currents bring the 
ous strands within reach of the gastric filaments, which grasp them 
pull them into the stomach. Rejected and waste particles are 
ed outward in the brachial canals to be emitted by the mouths. In 
stomach, extracellular digestion occurs by means of a protease 
mpamed by an acid secreted by the gastric filaments. The acid 
the alkaline interior fluid almost to neutrality (pH 7.1) permitting 
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good action of the protease, which breaks down proteins to polypeptic 
but not to amino acids. Following extracellular digestion, the pan 
digested material is phagocytized by the gastric filaments and four mu 
folded areas in the stomach floor termed the plaited membranes (pecul 
to Cassiopeia). Digestion to amino acids is completed in the cells of 1 
filaments and membranes, which contain a protease acting best at pH ' 
and capable of splitting proteins and polypeptides to amino acids, a 
also contain enzymes acting on fat and glycogen. The filaments are tl 
the chief source of enzymes; in Stomolophus, also, Bodansky and R 
(1922) extracted from them proteases resembling pepsin, trypsin, a 
rennin. as well as lipase, amylase, and maltase. In Cassiopeia ' 
digested food is distributed throughout the body by the amoebocyi 
Waste matters are excreted into the stomach by way of the gasl 
filaments and plaited membranes and carried out to the mouths. 

The digestive process is therefore similar to that found in hydrozoa 
Following extracellular digestion by a protease in an acidified medii 
phagocytosis and intracellular digestion occur in the gastrodermis, 
whole or in specialized areas. In Scyphozoa the gastric filaments are 
chief sites of enzyme secretion and in some forms also of intracelli 
digestion. In food capture and ingestion mucus secretion and flagell 
currents play an important role. 

Almost nothing is known about the nature of the excretory prodv 


of Scyphozoa (see page 396). 

Respiration is of the typical aerobic sort and was found by 1 
(1937) in Aurelia aurita to range from 0.07 cc. of oxygen consumed 
hour for a 27.5-g. specimen to 0.17 cc. for an 87-g. specimen, 
respiratory rate is thus higher per gram of weight the smaller the ami 
as is the case in animals in general. The respiratory rate is very low 
doubt in correlation with the low solid content. The respiratory 
declines wit h lowered oxygen content of the water. Increases or decre 
in the salinity to which the animal is accustomed at first accele 
oxvgen consumption, but further change decreases it. 

‘ ' Medusae can endure considerable range of temperature, from -0. 
31°C in the case of Aurelia, with the optimum at 9 to 19 O. 

£ll pulsation and ovygen consumption vary directly with tempest, 

to control tile passage of the salts of sea water into or from their be 
Since their salts, although about the same m total quantity as the . 
oMhe surrounding sea water, differ from these » 
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Unity changes in the sea water. Medusae can endure considerable 
crease or decrease in the salt content of the ?ea. Thu^* Benazzi 1933 
md that the rhizostomes Rhizostoma and Cotylorhiza can tolerate a 
id him of 30 parts sea water and 70 parts fresh water if the change is 
adual, and Aurelia in particular is often seen living in very brackish 
iter of as low as 0.6 per cent salt content (the open sea has around 3.0 
r cent salt content); but most scyphozoans probably require higher 
inities than these. In Aurelia (Thill. 1937 h increased salinity aug- 
>nts and decreased salinity diminishes the bell curvature; both 
thin limits accelerate bell pulsations, but too great extremes slow the 
itractions. 

Scyphozoa can tolerate considerable changes in the reaction of the 
tfiium, normally quite alkaline (pH of sea water is around 8.0 to 8.2). 
ther increase or decrease of acidity may accelerate bell pulsations at 
>t r but eventually pulsation is slowed and ceases. In Aurelia , Thill 
ind slowing and damage below pH 7.2 and above 9.5. 

A few Scyphozoa — Pelagia 9 Chrysaora. Cyanea. Carybdea - — are 
ninescent and Pelagia nodiluca is particularly noted for this property, 
this species the light comes from spots and streaks distributed over the 
iy. 

Many scyphozoans harbor symbiotic zoochlorellae and zooxanthellae, 
ich abound chiefly in the eollenehyme. They probably play no 
ential role in the life of jellyfish; they are ejected during starv ation, 
e starch-splitting enzymes found in extracts of jellyfish probably come 
all cases from these symbionts. Many curious associations between 
iyfish and other animals have been observed. Thus the young of 
tain fish habitually accompany the larger semaeostomes and rhizo- 
mes mid when alarmed take refuge under the bell. How they escape 
ng stung is unknown. They have been observed to eat the eggs, 
tries, oral frills, and tentacles of their protectors. Crabs, amphipods, 
1 other crustaceans also regularly inhabit certain medusae, hiding 
ong the arm frills; thus a spider crab ' Labi n ia ) apparently lives only 
the manubrium of Stomolophus. 

10. Fossil Scyphozoa. — Fossils believed to be medusae although very 
ike existing forms occur in siliceous nodules set free by the decorn- 
ation of Cambrian shales in Sweden, Bohemia, and the United States, 
ey are radial but not tetramerous; the bell consists of four to twelve 
es continued as raised areas to the center of the exumbrella. They 
1 radial canals but no mouth or tentacles. In one species two to 
end such lobed bells are often found united bv gastrovascular connec- 
ts and may represent cases of fission. Certain striatums in Cambrian 
ks are thought to have originated by the trailing of the oral arms of 
dusae along the mud. The famous impressions of medusae in the 
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Jurassic lithographic slates of Bavaria were discovered by Leuckart 
1835. Although obviously medusae, they differ from present fora 
having hexamerous as well as tetramerous symmetry and closing fla 
for the subgenital pits. Some show tentacles and mouth opening a 
are therefore semaeostomes but most, being devoid of these structur 
classify as rhizostomes. Besides marginal lappets, tentacles, and o 
ar ms , the coronal muscle, gastric pouches, and general anatomy of 1 
gastrovascular system are often indicated in the impressions. Throw 
the presence of a coronal furrow and pedalia, some are recognizable 
Coronatae, resembling Atolla. 


VI. CLASS ANTHOZOA: SUBCLASS ALC Y ON ARIA 


Definition 


—The Anthozoa are exclusively polypoid coelenteral 

with hexamerous, octomerous, or polymerous biradial or radiobilatc 
symmetry, with the oral end expanded radially into an oral disk bear 
hollow tentacles, with entodermal gonads and a cellular mesogloea, w 
a stomodaeum, usually provided with one or more siphonoglyp 
and with entodermal septa, some or all of which are fastened to 
stomodaeum, projecting into the gastrovascular cavity from its wall j 
thickened on their free edges into the septal filaments. All traces < 

medusoid stage are absent. 

The anthozoan polyp is thus seen to differ from the hydrozoan pc 
in several striking particulars. Whereas the latter is of long slender bi 
with an elongated oral end, the former is relatively short and stout v 
the oral end flattened into a disk. The gastrovascular cavity m 
Hvdrozoa is a simple undivided canal, whereas in the Anthozoa it 
spacious cavity divided into chambers by longitudinal partitions 
septa of which some or all cross from body wall to stomodaeum. . 
condition is already foreshadowed in the lower Scyphozoa and 
scvphistoma larvae, whose septa are morphologically the same as 
incomplete septa of the Anthozoa, those which do not reach the sto 
daeum The septal filaments, the thickened edges of the se 
recall the gastric filaments of Scyphozoa. The Anthozoa are th 
coelenterates with a stomodaeum, i.e., a tube lined y invagin. 
ectoderm which hangs down from the mouth into the g^ trov ** 
ca^yTn’d serves chiefly in the ingestion of food. As stomodaeum 
ca , , • 1 this structure in adult anthozoans is best ter 

C harvnx 0gl The ectodermal nature of the pharyngeal lining is some! 

grooves by wtaicfi ware , flower-like radial symmetry : 

Anthozoa exhibit externally rtimilarlv of the dispos 

investigation of the internal structure, particularly of 
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the septa and their musculature reveals throughout the* group a 
ateral tendency shown by their embryology' to lx- primary, not a«-qum d 

the entodermal origin of their sex cells and the cellular nature of the 
sogloea, which is always some form of connective tissue, the Anthoz<.a 

jemble the Scyphozoa. 

The Anthozoa are exclusively marine, solitary or colonial, with or 
thout skeleton, which may be either internal or external. The c lass 
•ludes a large number of common marine animals, such as sea anemones, 
-als, sea feathers, sea fans, sea pens, etc. It is divided into two large 
DC lasses, best treated separately: the Alcyonaria or Octoeorallia. with 
mmerous symmetry, and the Zoantharia or Hexacorallia in which the: 
nmetry may be on the plan of six but is often otherwise-. 

2. General Morphology of the Alcyonaria. — The- alcyonarian polyp Ls 
tinguished from all other coelenterate polyps by the pos»es.«ion of 
ht pinnate tentacles combined with eight septa attached to the pharynx. 
has the form of a long or short cylinder terminating orally in a flat 
r nlftr oral disk whose margin is drawn out into eight feathered tenta'les 
g. 17513). The tentacles, stout at base, tape-ring distally, bear short 
nted projections, the pinnules, usually arranged in a row on each side, 
ence the pinnate (feathery) appearance. Tentacles and pinnules are- 
tile, contractile, and hollow, their cavities being extensions of the- 
trovascular chambers. When the polyp contracts, the tentacles fold 
■r the oral disk and even may introvert, i.e., turn outside in, into the 
erior. In the center of the oral disk is situate-d the oval or elongated 
uth which, unlike the mouth of Hydrozoa or Scyphozoa. does not open 
ectiy into the gastrovascular cavity but into a tube, the pharynx, al-o 
med gullet, esophagus, and actinopharynx . The pharynx is lined by a 
y glandular epithelium, has a smooth or grooved interior, and is. oval 


section, and one of its narrowed ends forms a groove lined by a lorigi- 
linal tract of columnar cells bearing very long flagella ( Fig. 175//, J) 
ten spoken of as cilia). This groove is called the siphontjglyph or 
rus and serves to drive a water current into the gastrovascular cavity 
respiratory purposes. The side of the polyp that bears the siphono- 
ph is commonly termed ventral, the opposite side dorsal; but th* ri- 
ms no real justification for this usage and the names sulcal and asuleal 
l be employed instead. The pharynx is relatively short ami dimply 
ms below into the gastrovascular cavity. 

From the body wall, eight longitudinal partitions composed of 
trodennis and mesogloea and more or less evenly spaced around the 
-umference, project inward (Fig. 175 H). They' are known as septa 
mesenteries; the former term will be employed because the word 
sentery has a definite meaning in coelomate animal.-. The upper 
tions of the septa are fastened to the oral disk and pharvnx so that in 
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Fig. 175. — Alcvonaria. A. Colony po^of^b^wne- D. Spicule. 

p.jivp of the same enlarged, expand . • N'enhthyidae). Atlantic Coast. F. 

£. 'F.e shy type of alcyonacean • « f^Lwhyine. H. Cross section through 

Sr-i nile type of anthocodia. 6. -P^ule ftrr ___ em ent. /. Microscopic appearance 

the pharynx region of .4/^oniiim. s ow t? g ^ ^ ^ Hick90 n, 1895. » 1. stolon; 2, ant ho- 

of the fiphtmoelyph of Alcyon\ u m- ^ a p id { rmi9 . 6< me sog]oea: 7, gastroderims: 8, 

s±5S t i- fs. **-**= 1! - — 
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is region they cross from body wall to pharynx (Fig. 17577) dividing the 
istrovascular cavity into eight compartments, each of which continues 
to a tentacle. Below the pharynx, the inner edges of the septa are free 
lg. 1764) and the septa gradually decrease in breadth basal ly. finally 
ing reduced to mere ridges (Fig. 176 E). Often only the two asulcal 
pta reach the base of the polyp. The free edge of each septum below 
e pharynx is thickened into a cord, often sinuous, the septal (or mesen- 
iaT) filament. The two asulcal filaments differ from the others, being 
avily flagellated and serving to create an upward current ; they are also 
lg, extending to the polyp base (Fig. 177.4). The six other filaments, 
sent in some forms, are commonly short and have a digestive function, 
ing loaded with gland cells. The asulcal filaments are of ectodermal 
igin, formed by tongues of cells growing down from the stomodaeum; 
e six others are usually stated to be entodermal. On its sulcal face, 
the side toward the siphonoglvph, each septum bears a strong longi- 
dinal retractor muscle (Fig. 17517), serving to contract the polyp and 
aw the oral end down into the interior. The arrangement of the 
^actors is such that those of the two sulcal septa face each other while 
ase of the asulcal septa look away from each other (Fig. 17577). 

The eight symmetrically arranged tentacles and septa confer upon 
; alcyonarian polyp a superficial octomerous radial symmetry. But 
3 elongation of the mouth and correlated flattening of the pharyngeal 
ae, the presence of only one siphonoglvph, the arrangement of the 
ractor muscles, and the specialization of the two asulcal septal filaments 
>dify this radial symmetry in a bilateral direction. Whereas in a 
rfect radial form, any plane passing through the oral-aboral axis 
ides the animal into like halves, in the Alcyonaria as in bilateral 
imals, there is but one plane of symmetry, that which bisects the 
honoglyph and passes between the two asulcal septa. 

The Alcyonaria are all colonial, usually forming lobed or branching 
onies, but the polyps do not connect directly with each other. They 
nmunicate by means of gastrodermal tubes, termed solenia , which are 
itinuations of the gastrovascular wall of the polyps and from which new 
yps sprout. In the simplest colonies, represented by such genera as 
mylaria and Clavularia (Fig. 175.4) of the order Stolonifera, the con- 
ding solenia are limited to the base, where they are enclosed in flat 
Ions or a thin mat attached to the surface of a rock or other object, 
e polyps arise singly from the stolons or mat. In the vast majority 
Alcyonana, however, the network of solenia embedded in mesogloea 
1 covered with epidermis is erected from the substratum and encloses 
basal portions of the polyps. These upright growths vary from fleshy 
sses variously shaped, often divided into fleshy lobes (Fig 1751?) 

slender branched forms, of plume or fan shape (Figs. 180C and 181D) 
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iy the oral ends, or anihocodia, of the polyps project from the surface, 
; greater part of their bodies is embedded in the common flesh or 
nenchyme, through which they are connected by solenia (Fig. 176£V 
ly the anthocodia are clothed with epidermis, which is deflected to 
m the surface layer of the coenenehyme while the gastrovascular wall' 
the polyps continue into the coenenehyme as gastrodermal tubes 
g. 177A). The coenenehyme beneath its surface epidermis then con- 
:s of a gelatinous mesogloea in which are embedded amoebocytr-, 
gly or in strands and groups, skeletal elements, solenia, and the gastro- 
mal tubes of the polyps (Fig. 176 E). The last can be distinguished 
m solenia by the presence of the septa. In the order Alcyonacea, the 
g gastrovascular tubes of some or most of the polyps reach the base 
;he colony; in the Pennatulaeea, one main axial polyp runs the length 
the stem while the others arise laterally from it by way of solemn; 
l in the Gorgonacea, the coenenehyme is a shallow layer over an axial 
leton, and all the polyps are lateral with short bodies. The arrange- 
at of the solenia varies; in a common type of arrangement there i' a 
of interior longitudinal canals and a peripheral network. 

The colonies are supported by skeleton that is generally a product of 
sogloeal cells and is either calcareous or horny in nature. It consists 
eparate calcareous spicules, or of such spicules fused by a calcareous 
lent, or of amorphous calcareous substance, or of calcareous spicules 
ted by horn or united by a horny net work, or of strands and lamellae of 
a. Further details are given below in the consideration of the orders. 


Some of the Alcyonaria, notably the Pennatulaeea, are dimorphic, 
are composed of two kinds of polyps, the autozoends and the si phono- 
ds. The former have the structure described above except that the 
onoglyph may be reduced or absent. The siphonozooids are reduced 
ze and are further characterized by the absence or rudimentary nature 
he tentacles (Fig. 178B), the reduction of the septa and septal fila- 
its, of which often only the two asulcal filaments remain, and the 
ng development of the siphonoglyph (Fig. 178 C). The siphonozooids 
lot feed but serve to drive a water current through the colony and 
:e are characteristic of large, fleshy types of colonies. 

fhe polyps of some of the simpler Alcyonacea are not retractile, 
tany forms, the basal part of the anthocodia is thickened and hardened 
a calyx, usually armed with spicules, into which the apical part can 
.draw, the tentacles folding over the oral disk, which is then pulled 
n. In most alcyonarians, the anthocodia can be entirely drawn 
n into the coenenehyme so that in the contracted state of the colony 
mg but small holes is seen upon the surface. 

Jew polyps arise as follows except in the order Pennatulaeea \ 
uum approaches the surface, enlarges to a chamber, and cause, the 
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epidermis to bulge above the surface. This bulge becomes the anl 
codium, sprouts tentacles, and forms mouth and pharynx by an epider 
invagination. The solenial chamber becomes the gastrovascular cav 
from whose wall the septa grow inward. In the Pennatulacea, 
polyps bud directly from the sides of older polyps. 

The projecting portions of the polyps (anthocodia) are construi 
of the usual three layers. The epidermis is either a syncytium oi 
epithelium, composed, in the latter case (Fig. 177 B), of elongated c 
sometimes flagellated, of ordinary columnar form or with expanded o 
ends, a type adapted to contraction. The regular epidermal cells 
interspersed with mucous cells, sensory cells, and nematocysts, the 
often in warts. On tentacles and oral disk the epidermis is underlaii 
muscle fibers, which may be independent or part of the epithelial c 
The base of the epidermis contains numerous interstitial cells (Fig. 17' 
The epidermis covering the coenenchyme is similar to that of 
anthocodia but is usually less columnar and sparse in sensory cells 
nematocysts. On the basal parts of colonies the epidermis may &e( 
a horny covering. The pharyngeal lining is composed of tall flagell 
cells, liberally interspersed with mucous cells of the goblet type; nem 
cysts and granular gland cells are also present. The siphonoglyph 
sists entirely of extremely elongated cells with very long flagella ( 
175 J) and is usually confined to the lower part of the pharynx (Fig. 17 
although it may extend the entire length of the latter. The epide 
is not definitely bounded from the mesogloea, into which the intersi 

cells pass freely (Fig. 177B). . 

The nematocysts of the Alcyonaria are all very small and are a 
far as known (Weill, 1934), varieties of one type, the atnehous isor 
The homogeneity of the subclass, shown by the anatomical similan 
their polyps, is thus confirmed by the identity of nematocyst 


throughout the group. 

The gastrodermis Unes the inner surface of tentacles and oral 
clothes the outer surface of the pharynx, forms both faces jof tea 
and lines the gastrovascular cavity of the anthocodia. g 

tinues down into the coenenchyme as the gastrovascular tubes o 

polyps, and these with the solenia form a system of 8“ troder ”“ l lu C ; 

nermeatine; the coenenchyme. The gastrodermis may 

or euboidal epithelium (Fig. 177 B) but is frequently a highly vacuo 

ebh 

■ /wo fastened to the membrane that sharply separate! 

gastrodermis from the mesogloea (Fig. 177B ). On the ulca 
septa these libers form a transverse layer (Fig. U1A>. 
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iscles on the sulcal faces are also gastrodermal but are sunk below the 
thelium and fastened to longitudinal plates of mesolam.lla arranged 

a fan-like manner (Fig. 17 oH). 

The two asulcal septal filaments arise by downgrowth of the stomodaeal 
oderm, which they resemble histologically. Each is a broad band, 
tally with a central groove and thus bilobed in cross section, ol tall 
reflated cells (Fig. 176B), which cause a water current to flow toward 
mouth. The six other filaments are usually said to be entodermal 
jough stated by some to be ectodermal. They are narrower, 
grooved, and contain fewer flagellated cells with shorter flagella than 
asulcal filaments, from which they differ chiefly by the presence of 
ny gland cells serving to secrete digestive enzymes (Fig. 176C). 

The mesogloea is really a mesenchyme, as it consists of a gelatinous 
trix enclosing numerous stellate amoeboid cells (Fig. 17 < B), singly or 
dusters and strands or arranged as canals. These cells often tend to 
regate near the epidermis and gastrodermis and may reach from one 
the other by the contact of their delicate processes. Some become 
roblasts secreting calcareous spicules, others deposit horn, while still 
ers function as cnidoblasts. The mesogloeal cells are epidermal inter- 
ial cells that have wandered into the interior. The mesogloea is 
snsively developed in the coenenehyme but throughout the anthocodia 
little more than a mesolamella. As such it forms the interior layer 
he septa, sending out, as noted above, longitudinal plates on the 
al side for the support of the retractor muscles, 
rhe muscular system is not particularly well developed. The epi- 
nal system is represented by longitudinal fibers in pinnules and 
acles, chiefly or wholly on the oral (upper) side (Fig. 176£>). These 
onto the oral disk where some of them an 1 fastened along the lines 
ision of the septa with the disk while others extend to the mouth rim, 
ing fibers encircling the mouth. The epidermal fibers of the disk 
' extend down the pharynx. Circular gastrodermal fibers occur in 
tentacles in one or two cases {Xenia, Yeretillum), in the oral disk, 
rynx, throughout much of the gastrovascular wall, and as transverse 
■s on the asulcal (in some forms both) faces of the septa The 
ictors of the septa are longitudinal gastrodermal fibers in addition to 
regular circular gastrodermal system. They are poorly developed 
lonretractile polyps and in siphonozooids. The epidermis of the 
ral coenenehyme appears to lack musculature except in the pen- 
ilacean Veretillum where weak fibers occur. 

rhe nervous system, known chiefly from the work of Kassionow on 
alcyonacean Alcyonium, and of Niedermayer on the pennatulacean 
iittum, consists of a subepidermal plexus, best developed in the oral 
where it is concentrated around the mouth and upper end of the 



>46 THE I X VERTEBRATES: PROTOZOA THROUGH CTENOPHORA 






£> - *. 


VC v 


St v 
















0 


K 


i 


l Vi 


» i r 




J 


• # 

* v f 


Li S 






V 


Fl 177 -.U^TstoWera. Teies.acea. 

- polyp. P— « through a *Ptum on the r^bet ^ } c SnuJ1 ^ 

i ser^i° r ‘ of W ^ T.Usio with one attached polyp. E. Tdedo, 

: gkcii'ton of 7 **>--*. 4 reactor septal mnsde; 5, 

rj: ! ., 8 - “ b “ i 9 - ““ 






METAZOA OF THE TISSUE GRADE OF COSSTRl'CTlOS >47 


larynx, around the tentacle bases, and as eight radial strands along trie 
ies of attachment of the septa to the oral disk. The plexus also extends 
mg the oral surface of the tentacles (also weakly on the aboral .~urfaie 
VeretiUum) and down into the pharynx. In most alcyonanans a 
rvous plexus seems to be absent from the wall of the anthocodia and 
e general coenenchyme. In others the presence of a continuous ner\ ous 
nnection throughout the colony must be assumed, as stimuli applied 
one polyp are transmitted to others; and the occurrence of such a 
>xu s in the coenenchymal epidermis has been verified for l er ft ilium 
d may be expected in many Pennatulacea. A gastrodermal plexus 

0 exists, particularly in the septa. In short, the development of the 
rvous syst em follows that of the musculature. 

The gonads develop on the septa except the two asulcal ones, which 

> always sterile. In most dimorphic species, only the autozooids bear 
aads, but in certain genera, as Corallium and Paragorgia , the reverse 
the case, as the gonads are limited to the siphonozooids. apparently 

better exposure to respiratory currents. The sex cells come from the 
erstitial cells of the entoderm. When ripe the gonads bulge from 

> septa, and in females such bulges consist of one large egg covered 
a layer of gastrodermis (Fig. 177 A). The Pennatulacea are strictly 
ecious; the other orders may be dioecious or protogynous hermaphro- 
es. The sex cells are shed into the sea water or may be retained to 

> planula stage. 

The Alcyonaria are divided by recent authors, notably Hickson 
SO), into six orders iStolonif era, Telestacea, Alcyonacea. Coenothecalia. 
rgonacea, and Pennatulacea. In some works, the first four are united 

1 regarded as one order, Alcyonacea. The polyps of the orders are 
very similar, and the differences consist in skeleton and mode of colony 
[nation. All the Alcyonaria are exclusively marine and are most 
tndant in warm coastal waters. 

3. Order Stolonifera. — In this order, which includes the simplest 
>e of colony formation, there is no eoenenehvmal mass, but the polyps 
« singly from a creeping base, which may consist of separate flat 
Ions or a more or less continuous thin crust or mat (Fig, 175.4). The 
yps may be t hin- w ailed throughout and completely retractile into 
base but more commonly present a thin-walled oral portion, corns 
nding to the anthocodium of forms with a coenenchyme, and a thicker 
led aboral region, the anthostele, not itself retractile, into which the 
hocodia can withdraw (Fig. 1751?, C). In some forms, the basal part 
he anthocodia is especially protected by spicules and is then termed 
1Z - The Polyps are connected by one or more solenial tubes in the 

♦£!5 8 "if***** 1101X1 epidermis; 12. transverse ga<rtix>dermal 
nurture, ^ woiantheflae; 14. gno adg; 15, septal filaments. 



548 THE I X VERTEBRATES: PROTOZOA THROUGH CTESOPHORA 


basal stolons or mat and sometimes also by short crossbars above 
base or by transverse platforms as in T ubipora (Fig. 177C). The skele 
when present consists of separate warty calcareous spicules (Fig. 17J 
F, G) like those of the Alcyonacea (see below), or of compact tubes i 
platforms (T ubipora). 

The Stolonifera are shallow-water forms of both tropical and t< 
perate waters. The genera are much confused and not well agreed up 
Comularia lacks calcareous spicules but has a homy investment like 
periderm of hydroids on stolons and polyp bases. Clavularia, the n 
common and representative genus (Fig. 175.4, C), is well differentia 
into anthocodium and anthostele and has numerous warty elonga 
spicules (Fig. 175D). The similar Anthelia is noncontractile with 
differentiated anthostele. Sarcodktyon differs from Clavularia in 


tightly packed spicules of calyx and anthostele. 

The genus T ubipora, or organ-pipe coral, occupies an isolated posit 
The colony consists of long parallel upright polyps springing from a b 
plate and supported by skeletal tubes of fused spicules embracing 
gastrovascular tubes of the polyps. The polyps are further uniter 
definite levels by transverse stolons in which also the spicules fus 
solid platforms and from which new polyps may spring. The skeleto 
T ubipora, often seen in museums, thus consists of a mass of closely 
erect tubes united at spaced levels by transverse platforms (Fig. 17 
The dull red color of the skeleton results from iron salts. The organ- 


coral is found on coral reefs in warm waters. ^ 

4. Order Telestacea.— In this group, typified by Telesio (Fig. 1 
F). the colonies consist of simple or branched stems bearing lai 
polvps and arising from a creeping base. Each main stem or bn 
is the verv elongated body of a single polyp, from which the la 
polvps arise by way of solenial networks as in the Pennatulacea. 
spicules mav be somewhat united by calcareous and homy secret 
Coelogorgia 'differs from Telesto in the much more branched col 


"ToTder Alcy o nace a , the Soft Corals.-This order embrace* 
fle^hv tvpe= of alcvonarians, known as soft eoral». The po ^yp 
embedded 6 in a gelatinous mass of coenenchyme from which only 

anthocodia protrude. The colony may be massive or 

(Vk 178.4 F) or branched into stout blunt lobes (Fig. 17 oE) or into 

devoid of anthocodia, hence termed stenle; the anthocodm ma 
■oretvn all over the distal regions as in Akyamum but are mo 
monly Umited to Custers on the ends of kta « 

of the mushroom-bke colony fF.rl. - , , ch to the 
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slid have many solenial cross connections. Polyps not reaching the b 
spring at various levels from the solenial network. The anthocodia n 
be nonretractile as in Xenia , or their distal parts may be retractile int 
differentiated basal region, the calyx, or they may be capable of comp] 
withdrawal into the coenenchyme. Several genera {Anthomax 
Fig. 178A. Sarcophyton Fig. 178F, Lobopkytum) are dimorphic. In 
family Xeniidae and in the siphonozooids of dimorphic forms, only 
asulcal septa bear filaments. 

The skeleton consists of isolated calcareous spicules, secreted by 
scleroblasts of the mesogloea, which, it wiU be recalled, are epideri 
cells. As in the calcareous sponges, each spicule is secreted in 
interior of one scleroblast. which becomes binucleate in the proc 
In the fa mil y Xeniidae the spicules are minute thin oval disks; in 
other Alcyonacea they are elongated spindles or rods or some deriva 
thereof, co mm only ornamented with warts, or warty branches (' 
17 5D, F, G). They are usually thickly strewn throughout the coei 
chyme, and those of the periphery may differ in size, shape, arrangen 
or abundance from those of the interior. The spicules of theanthocx 
mav be of different shape or size than those of the coenenchyme 
commonlv occur as eight double rows in the wall between the se 
attachments and often also as rows on the aboral surfaces of tentacles 
pinnules (Fig. 178 E). In the double rows, the spicules may be par 
or diagonal like chevrons (Fig. 178D). On the basal parts of the po 
there is often a horizontal orientation of the spicules (Fig. 178 E). O 
the spicules project for defense over the openings when the polyps w 
draw. In the family Nephthyidae (Fig. 178G), the steins and anthocc 
bases are heavily armed with long spicules that project beyond the i 
retractile polyp heads as a spiny defense (Fig. 178D). A heavy arma 
of the anthocodia is naturally associated with a loss of retractility. 

Strands of horny material sometimes occur in Alcyonacea in 


coenenchyme or between spicules. 

The AJeyonaeea are tvpically littoral animals of the warmer reg 

of the earth, centering m'the Ind^Paeific Ocean. For 
are not verv familiar animals. The majonty live between thet.dal 
and depths of 200 m. ; but a few inhabit deeper waters down 
Although the group prefers warmer temperatures, a number tier 
extend into temperate latitudes and even into polar waters. Manj 
fastened to hard objects by stolons or basal plates; others anchor 
s0 lid bottoms by root-like tufts or simply by insertion of the po 
lower ends The colonies are mostly of moderate dim ® t ^ nS , 
of drab coloration, yellowish, Wm «**£££,£££ { 

se - - * 
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inns incline toward a more arborescent type of growth with heavy 
riculation. 

The classification, after much confusion, has reached some stability 
trough the work of Hickson and Ro.xas. In Xenia and Heteroxema the 
mretractile polyps are limited to the disk-like ends of the soft stout 
Qgle or branched stalk. Heieroxenia is dimorphic. Of the principal 
mily Alcyoniidae with about eight genera may be mentioned Alcyomum, 
rming a massive or lobed colony with scattered, completely retractile 
ithocodia; Sarcophyton (Fig. 178F) and Lobophytum , with pol\ 
stricted to a folded or lobed top set on a sterile stalk; and Anthomastus 
?ig. 178A), mushroom-like with polyps confined to the rounded top. 
he last three genera are dimorphic (Fig. 1*8B); in Anthomastus only 
e siphonozooids bear gonads, in the two others only the autozooids. 
he Nephthyidae (Fig. 178G) typically form branched bushy colonies, 
ten heavily spiculated, with the anthocodia in clusters or tufts on the 
ids of the branches. The mesogloea is much reduced so that the gastro- 
rmal tubes are close together in the coenenchyme. This family is 
presented on the New England coast by the somewhat atypical Gcr- 
mia (Fig. 175 E) resembling Alcyonium in its lobed body and scattered 
ithocodia. The Siphonogorgiidae form branched colonies resembling 
rgonians and having in the larger stems an axial core of long spicules, 
>t bound together as in scleraxonian Gorgonacea. 

6. Orde r Cnenothecalia. — This order includes only the blue coral, 
diopora, found on coral reefs in the Indo-Pacific. It has a massive 
Icareous skeleton composed, not of spicules, but of crystalline fibers of 
agonite fused into lamellae. This skeleton is perforated by numerous 
>sely set erect cylindrical cavities, blind below, and of two sizes, larger 
es occupied by the lower ends of polyps and much more abundant 
taller ones occupied by erect solenial tubes (Fig. 179.4). On the sur- 
;e is a flat coenenchyme containing a network of solenia that connect 
th the middle regions of the polyps and also with the erect solenial tubes, 
le latter are thus blind downgrowths of the superficial solenial network, 
the skeleton grows, the polyps and solenia are pushed upward by the 
mation of transverse calcareous partitions so that only the periphery 
the mass is occupied by living tissue. The skeleton is a broad lobed 

iss of a blue color caused by iron salts, more or less concealed in life 
the brown color of the polyps. 

^ Order Goreonacea T the gorgp nian R or homy corals . — This group 
■ludes the sea whips, sea feathers, and sea fans, whose graceful forms 
i soft coloration constitute one of the chief attractions of the “sub- 
trine gardens ” along tropical and subtropical shores. The order is not 
irply separable from the Alcyonacea from which it differs in the pres- 
'e of an axial skeleton, usually containing a horn-like material, gorgonin . 
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Ut hough t'ii,- group includes some low encrusting forms and types eom- 
)osed of simple' unbranehod stems erected from a basal mat, in the great 
najorit} the colon} is a plant-like growth of slender branching stems 
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c .1 h.'- G..r B o„a^ a . A. Hdiopora. skeleton removed, showing on, 
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ishy shape. When the branches are in one plane they may be united 
y numerous cross connections, a type called sea fan (Fig. 1S0C). The 
nail anthocodia, usually absent from the main trunk, may be strewed 
1 over the stems and branches or limited to one surface or confined 
, the margins. The polyps are always so oriented that their sulcal 
irfaces face the substratum and their asulcal surfaces look upward, 
hey are dimorphic in only a few cases, notably in the precious red 
•ral, CoraUium (Fig. 181F). The anthocodia may be retractile or not 

id provided or not with a calyx. 

The gorgonian stem in general consists of a central axial rod covered 
j a shallow layer of coenenchyme (Figs. 179 B and 181 B). The coenen- 
lyme contains the short gastrovascular tubes of the polyps, running at 
rht angles to the surface, numerous solenia usually as longitudinal 
,nals encircling the axial rod and a network at the surface, and loose 
Jcareous spicules of various shapes — ovals, disks, scales, spindles, rods, 
jedles, clubs, and dumbbells, usually warty or with warty lobes and 
•anches (Fig. 179B). The spicules extend onto the anthocodia, which 
e frequently armed with needles in eight double rows or with imbricated 
ales. The uppermost scales or needles may form an operculum folding 
rer the contracted oral disk. 

The axial rod consists typically of a core, the medulla, covered over 
t a hardened cylinder, the cortex. In the typical gorgonians (suborder 
olaxonia), the medulla is a loose spongy homy material often arranged 
form a longitudinal row of chambers, and the cortex consists of bundles 
cylindrical lamellae of gorgonin. Both may, however, be impregnated 
ith calcareous matter, but spicules are absent in the axis. Around the 
rtex is an epithelium, the axial epithelium, which secretes the axial 
eleton. The nature of this epithelium has been much disputed; some 
lim that it is ectoderm invaginated as a tube into the axis from the 
todermal base of the first polyp formed from the planula. Kukenthal, 
his large monographs of the Gorgonacea, maintains that the axial 
ithelium is composed of mesogloeal cells. 

The nature of the homy material gorgonin has been investigated 
r several biochemists. It is a protein, yielding typical amino acids on 
composition, but is lower in sulphur content than true horn (keratin, 
mposing the hair, nails, scales, etc., of vertebrates). Its composition 
ffers in different species of gorgonians, but it frequently contains 
online and iodine, united to the amino acid tyrosin. 

In the less typical gorgonians (suborder Scleraxonia), the axial 
eleton contains calcareous spicules, is variable in construction, and is 
ten not clearly differentiated into medulla and cortex, nor sharply 
parated from the spicules of the coenenchyme. The axis may consist 
m the primitive family Briareidae, with such genera as Briareum 
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180A, B), Paragorgia, Solenocaulon, and Spongioderma, of thickly 
aced calcareous spicules connected by or embedded in stranas of 
>rgonin. In some of these forms one or many longitudinal canals occur 
the axis (Fig. 1805). In the family Suberogorgiidae, the axial spicules 
e united by calcareous cement into a latticework; in the genus Subero- 
rrgia gorgonin and spicules are scattered throughout the axis; in 
eroeides, spicules are limited to the cortex of the axis, while the medulla 
insists of gorgonin only. Gorgonin is entirely absent from the red coral, 
yrallium (Fig. 181 E), (family Coralliidae), which has a solid axis of 
ilcareous spicules cemented together by calcium carbonate. This pink 
■ red axis, covered in life by a coenenchyme with polyps (Fig. 181 F), 
nns the coral of jewelry. Finally in the family Mclitodidae (principal 
;nus Melitodes), the axis is made up of alternating soft nodes, composed 
spicules embedded in gorgonin, and hard internodes of cemented 

icules with very little gorgonin. 

In addition to the gorgonin of the axis, strands of gorgonin frequently 
cur in the coenenchyme, secreted by the clusters and strands of 
esogloeal cells, and the basal plate is often strengthened by a lamella 

network of gorgonin. 

The gorgonians inhabit all seas through a range of depth from the 
ie mark to over 4000 m., but the vast majority are either littoral species 
live in the deeper coastal waters above 1000 m. They also prefer the 
aimer latitudes and are most abundant in the Indo-Pacific Ocean, 
pecially the Malay Archipelago, but are also common in the subtropical 
blantic — Bermuda, the West Indies, the Bahamas, etc. The littoral 
rms are mostly attached to hard objects by an expanded basal plate 
^ig. 181D), while the deeper forms necessarily encounter soft bottoms 
which they fasten by tufts of stolons. Shallow-water species subject 
a constant current tend to branch in the plane at right angles to the 
irrent and to assume a fan-form by cross unions. Those inhabiting 
liet or deep waters are apt to branch freely in all directions, although 
metimes branching is suppressed. Littoral forms are also stated to 
ive small, retractile anthocodia and flexible stems with a large medulla. 
l those of deep waters, the anthocodia are larger, little or not retractile 
th a heavy spiculation of long needles or of scales, and the stems are 
pd. The red coral inhabits rocky bottoms chiefly in the Mediterranean 
id off Japan, at depths of 30 to 200 m. Branches are broken off and 
tangled by dragging the bottom with a wooden cross provided with 
pe mops. The gorgonians range from low forms to immense branching 
lonies 2 or 3 m. in height. Yellow, orange, red, and purple are among 
e most common colors and add much to the beauty of coral reefs. 

Because of their sessile habits and firmness, gorgonians frequently 
rve as a substratum for a variety of other sessile animals, such as 
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ponges, hydroids, bryozoans, brachiopods, etc., often to their own deto- 
^t. Some are regularly inhabited by small parasitic copepods that 
ause gall-like swellings of polyps or solenia. Certain polychaetoas 
rmelids stimulate gorgonians to make passageways for them formed of 

rched branches or pathologically enlarged polyps- 

As already indicated the Gorgonacea are divided into two suborders : 

cleraxonia with, and Holaxonia, without, axial spicules. The chief 
unilies and genera of the former were already considered. Among the 
lolaxonia, the family Isidae is distinguished from all the others by the 
Itemating calcareous and homy stretches of the axis, a type of axis 
:rmed “segmented.” The other families have a typical gorgonin 
sis of medulla and cortex, which may, however, be strengthened by 
ilcareous substance. The principal fa mili es are: the Plexauridae with 
imewhat stout stems (Fig. 181.4, B ) having a thick coenenchyme and 
impletely retractile anthocodia; the Gorgoniidae (Figs. 180C, 181D) 
ith more slender graceful stems, thin coenenchyme, and partially 
•tractile anthocodia ; the Muriceidae, with a warty or prickly appearance 
lused by the spindle-shaped spicules (Fig. 1 8 1 G) of the lids, calyces, 
ad verrucae of the polyps; and the Primnoidae with stiff, heavily 
deified axis, and prominent verrucae formed of imbricated scale-like 
licules (Fig. 181F)- Verrucae are spiculated nonretractile polyp bases 
irresponding to the anthosteles of the Stolonifera. The common sea 
ins (Fig. 180C) belong to the genus Gorgonin, family Gorgoniidae. 

8. Order Pennatulacea, the sea pens. — The members of this order 
irm more or less fleshy colonies composed of the very elongated body 
: a primary axial polyp and of numerous secondary polyps springing 
terally from it (Figs. 182 and 183). The anthocodium of the primary 
alyp, which should occupy the summit of the colony, is usually degen- 
ate. Its body is divided into a proximal stalk or peduncle, devoid of 
ithoeodia, and a distal rachis, the region of the secondary' polyps (Fig. 
*2.4). The lower end of the peduncle lacks stolons or other means of 
tachment, being simply thrust into soft bottoms, usually by way of an 
llarged end bulb (Figs. 182.4 and 183.4, E, F). The rachis in the more 
rimitive genera is a stout radially symmetrical cylinder or club over 
hose whole surface the anthocodia are strewed, as in the family Yere- 
Uidae, exemplified by VeretiUum (Fig. 182.4) and the similar Caver- 
ularia. In all other f am i li es the rachis is bilaterally symmetrical with 
ifferentiated dorsal and ventral surfaces free from anthocodia, and 

Fig. 181.— Gorgonacea (continued). A. A pleiaurid gorgonian. from life, Bermuda 
Stem of game, opened to show axis. C. Spicule types of same. D. Sea-whip type of 
^oman. preserved, family Gorgoniidae. E. Branch of the red coral. Meduerranean. 

F \ An *“ tho * 0<1,um of pnmnoid gorgonian. showing imbricated scale-like 
“ anthocodium of a muriceid gorgonian, with warty fusiform spiculee. 



558 THE INVERTEBRATES: PROTOZOA THROUGH 


CTENOPHORA 



Fiq. 182 — Pennatulacea. A. VeretiUum. ( After Hickson, 1916.) B. Distal end of 
ChuncUa C. The sea pansy. Renilla, preserved, California; D, cross section of uie 
peduncle, showing the two canals; E, cluster of siphonozooids ^th accompanymg 
spicules; F. median lengthwise section of the rachis and peduncle, passing through the 
exhalant siphonozooid. 1, peduncle; 2, rachis; 3. anthocodia; 4, siphonozooids; 6 s.phono- 
glj-ph; G, sulcal septa; 7, special exhalant siphonozooid ; 8, canals; 9, median dorsal track 

devoid of anthocodia. 
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erally arranged secondary polyps. This bilateral couamon presen*, 
eral grades of structure. In the least modified forms, the ra- ::a= i* 
11 broad with irregularly strewed anthocodia as in the sea pan--:- . 
niOa, sole genus of the family Renillidae. Here the leaf-shapc-a ra - nis 
ig. 182<7) has a broad ventral surface devoid of polyps and a dor-ai 

■face covered with auto- and siphonozooids except for a r 
rack” extending from the peduncle to about the middle of the rachis 
ere it terminates at a special exhalant siphonozooid - see page 564:. 
the next stage, which includes a considerable number of families, the 
his is narrowed to a slender stem or axis with laterally borne antho- 
lia. The stem may be very long and whip-like as in Chundla * Fig. 
IB) or shorter and less slender (Fig. 183-4). The anthocodia may be 
anged in a continuous row along each side of the stem as in the family 
phobelemnonidae and some species of Antho-ptilurn Fig. 1S3 F)\ or in 
iced pairs or threes as in ChuneUa (Fig. 1S2J3. family Chunellidae); 
in a terminal tuft as in Umbellula (Fig. 183 E, only genus of the L mbel- 
idae). The next development, illustrated by Funiculina (Fig. 1S3D, 
y genus of the Funiculinidae), or Yirgulana (Fig. 1S3C ) and Stylatula, 
aily Virgulariidae, consists in the grouping and slight fusion of the 
hocodia into transverse or oblique rows spaced at regular interv als 
ng the stem. Finally in the most highly evolved families of pen- 
;ulids, the Pennatulidae and Pteroeididae. these rows are fused to form 
;hy projections, termed leaves, each bearing anthocodia Fig. 1S3.4). 
us in these families, which form the typical sea pens seen in museum 
lections, the peduncle with end bulb continues dis tally into a moder- 
ly long and slender stem, free from autozooids, bearing on each side 
uccession of flattened fleshy leaves, provided with anthocodia. In 
Pennatulidae (Fig. 183-4, B ), each leaf has a single row of anthocodia 
which the outermost one is the oldest and nearest the dorsal side and 
others are budded successively toward the ventral side of the stem. 
& leaves of the Pteroeididae bear numerous small anthocodia. and 

A 

se of the genus Pteroeides are supported by a fan-like arrangement 
spicules. 

All the Pennatulacea are dimorphic. The autozooids may be 
ractile or not and may be differentiated basally into a calyx. As in 
go ni a ns , the sulcal faces of all the anthocodia are directed toward 
colony base. Autozooids are always absent from the dorsal and 
tral surfaces (“tracks'') of the raehis stem. The siphonozooids 
warty protuberances (Fig. 182 E) usually lacking tentacles, retractor 
3cles, and septal filaments except sometimes the two asulcal ones. 
?y have a single tentacle in some species of the Umbellulidae and 
meUidae. They never develop gonads. Some species have two 
is of siphonozooids, the ordinary kind, and a second larger tvpe 
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metazoa of the tissue grade of COS' ST ru ( t 10 s 

- , » nf Hickson) with well-developed septa and retractors 
Hyreak siphonoglyphs. The mesozooids act as exhalant zooids whi e 
' siphonozooids are inhalant. Tho latter may bo tea tor J 

ozooids sometimes occurring even on the peduncle. In the Pen- 
iulidae, ’the siphonozooids are confined to the racta **'■£, 

dorsal track and the sides between the leaf bases (Fig. 183 ). 
Pteroeididae, siphonozooids occur only on the leaves Rentto is 
■uliar in that the siphonozooids are arranged in clusters (Fig. 182£). 

Some genera as, Chunella (Fig. 182S), have very few polyps while 

jthers, the colony may comprise as many as 3o.000 polyps. 

The gastro vascular cavity of the priman- polyp does not contain 
usual septa but is divided by partitions into four longitudinal canal*, 
■sal ventral, and lateral, which enclose between them a slender 
letal axis of calcified horn (Fig. 183D). In the peduncle and the 
tal end of the rachis, the lateral canals may be absent (Fig. 182 D). 
>und the canals occurs a spongy tissue containing a network of solemn, 
the periphery of the peduncle, less often of the rachis stem, there is 
tally a circlet of longitudinal solenia, separated by radial lamellae of 
sogloea, and connected by transverse solenia. In some genera 
irgvlaria, Anthoptilum, and Stylatula) there are radially arranged 
?nia in the dorsal track. Although the secondary polyps arise in 
relopment as direct buds from the gastrovascular wall of the primary 
yp, they later come to communicate with the longitudinal canal* of 

former only by way of solenia. 

The peduncle and to a lesser extent the rachis stem are prodded 
h a special gastrodermal musculature for executing peristaltic move- 
nts. This musculature consists of a strong circular layer around the 
j central canals, often thickened into a sphincter in the upper part 
the peduncle; a longitudinal layer nearer the periphery; and diagonal 
scles permitting lateral bendings, fastened to the skeletal axis. 

The nervous system has been studied only in VeretiUum; its arrange- 
nt in this genus was described above (page 545). 

The skeleton of the coenenchyme and anthocodia consists of eal- 
eous spicules, mostly ovals, rods, spindles, and needles, smooth, 
tally not warty as in the other orders (Fig. 182£T). Characteristic is 
od type with ridges or three projecting flanges (Fig. 183C). In the 


Fig. 183. — Pennatulacea (continued). A. Pennatula . B. A leaf of the same, showing 
tonoaooids. C. Virgularia, diagrammatic, with rudimentary leaves. ( After Hickson, 
6.) D. Cross section through Punicxdina, showing axi9. canals, solenial net, and rudi- 
itary leaf of four polyps. ( After KdUiker, 1872.) E. L’mMluUi . preserved. F. 
hoptHum, preserved. G. Part of a three- flanged spicule of PenruUula 1, peduncle; 
saf; 3, anthocodia; 4. siphonozooids; 5, axis; 6, dorsal canal; 7, ventral canal; 8, lateral 
sis; 9. oolenial network; 10, gonads. 
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p‘ '1'iui it ili'Ti' i~ a jr npht-ral layer of »pinilt'>, arranged prrpfndic ulu 
to tie 'tirfaee. Hit- ant hoettdia may have a calyx artmal with special 
spicules. In tin genii' F.chirwptilum , the calyx has two projecting teeth 

stiffened hv long rod spicule*. 

The Pennatularca have much the same habitat and distribution 
as the other alcvonarian orders, preferring warmer coastal waters, but 
are limited to soft bottoms. The peduncle is thrust into the sul stratum 
by peristaltic contractions, and the rachis distended with water ia held 
at an acute angle with the substratum, ventral surface down. The 
shorter more fleshy forms can withdraw into the mud by contraction and 
expulsion of water. The group varies from a few to 50 or 60 cm. in 
length, although some may be 80 cm. or oven 1 m. long. The color ia 
usually yellow, orange, red, or purple and results from a fixed lipochrotne 
pigment in the spicules. There may also be brown or black pigment 

in the epidermal cells or diffuse soluble pigment. 

The classification has been revised by Hickson (1916) who recogniaw 
13 families and 31 genera. Most of the families and their characteristics 
were mentioned above. Generic and specific distinctions are often 

based on spicule type and arrangement. 

9. Development— The development is best known for Alcyomum 
(order Alcyonacca) and Renilla (order Pennatulacea). Total equal 
cleavage results in a stereoblast ula in which the central cells becom* 
entoderm by secondary delamination. A typical planula is formed 
which swims about and attaches by the anterior end. The mouth and 
stomodaeum arise by the invagination of a plug of ectoderm from th< 
oral end (Fig. 184B). The septa come from entodermal folds (Fig 
184F) which grow inward from the outer wall or in RcmUa advance from 
the oral disk aborallv. The asulcal septal filaments arise by dowu 
growth of ectodermal strands from the stomodaeum (Fig. 184F). Th« 
other filaments are said to be thickenings of the entodermal edges of th. 
septa; but in Alcyomum, according to Matthews they are ectoderm* 
like the asulcal filaments. In the alcyoneans and gorgomans, the pn 
may polvp puts out basal stolons from which new polyps * r * ct 'J*® 
selves P and it soon loses its identity. In the gorgomans the anal skeleto. 
is soon deposited, and as it is located outside the ana of th * ' 

forces them into a lateral position as it is extended upward. 

in ill and oilier pennatulaceons so far as know,, the pnm£ 

1 (Fie . 18 4 4) does not attach, but its aboral end elongates into 

cavity becomes divided into .« -ai, fla.cr --- 
hv a longitudinal septum to which the septa oi me 
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I anthocodial base, 
notary anthocodium. 


buds arise in symmetrical pairs directly from the 
Some of these are autozooids, others siphono- 

8 



Fig. 184. — Development of Alcyonaria. A . Late planula of RentUa, with be ginning s 
epta and tentacles. B . Longitudinal section of RenUla larva, showing formation of the 
n o dae u m. C and D. Formation of anthocodia in young Pennatula. ( After Jungersen, 
3.) C. Dorsal view; D, ventral view. B. Larva of Alcyonium , showing asulcal septal 
ment arising from the stomodaeal ectoderm. (After Matthews , 1917.) F. RenUla, 
iwdof origin of a septum. ( A . B, and F , after Wilson , 1883.) 1, be ginning tentacles; 

3, stomodaeum; 4, polyp bud; 5, ectoderm; 6, entoderm; 7, be ginning of septal 
ozattt; 8, first pdyp; 9, axial polyp (special exhalant siphonosooid) ; 10-16, end polype 
sptori t h nfer formation; a, second polyp of the respective leaves. 


and the latter may bud other siphonozooids. As budding con- 
ues» the bases of the daughter polyps fuse to form the fleshy expansion 
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distribute them throughout the colony. The asulcal filaments do 
participate in digestion. It has been suggested that the symbiotic 
ae so abundant in the gastrodermis may be utilized as food. 
Regeneration has been little studied. In gorgomans, coenenehyme 
y again cover denuded areas of stem and put out new anthocodia. 
ie n branches are broken off, the stumps grow out again so that the 
,vy damages often inflicted on gorgonian beds by severe storms are 
1 repaired. In young colonies of Renilla , the terminal polyp readi y 
enerates the peduncle, but the latter usually fails to regenerate the 
Pieces including a budding zone may regenerate both primary 
yp and peduncle; the larger buds continue to develop while the smaller 

s are resorbed. 

The Pennatulacea are noted for their phosphorescence, emanating 
n a slime that is exuded on stimulation. This slime, presumably 
reted by the mucous gland cells of the epidermis, contains luminous 
miles and spherules. In some species the whole anthocodial surface 
the colony, including the peduncle, is luminous; in others only the 
his, or only the anthocodia, not the peduncle. Again some are 
unous at any time, others only at night or after being kept in the dark. 

3 dried slime will luminesce when water is added but does not respond 
stimulation. The intact animals luminesce only upon stimulation: 
jhanical, chemical, or electrical. A light localized stimulus may 
ike only a localized flash of light; when stronger stimuli are applied, 
ave of luminescence passes over the colony in concentric circles from 
stimulated point. These waves will pass in any direction, are not 
irrupted by various kinds of superficial cuts, and may be transmitted 
nonluminous parts, as the peduncle. Pieces of colonies also luminesce. 
Cavernularia, Harvey (1917) found that oxygen is necessary for the 
linescence. The color of the flash is blue or violet in most species, 
may be yellowish or greenish. The explanation of bioluminescence 
erally accepted for mollusks and arthropods (light results from the 
iraction of an enzyme-like heat-labile substance luciferase with a 
t-resistant substance luciferin in the presence of oxygen) was found 
Harvey not to apply to the Pennatulacea. 

11. Palaeontology. — Only forms with calcareous skeletons persist as 
iils. Such fossils include calcareous spicules assigned to the Alcyo- 
ea, the calcified axis of some Pennatulacea, and a few gorgonian 
s containing calcareous matter. Corallium, Heliopora, and a number 
forms related to Heliopora are found from the Cretaceous on; but 
iously no fossils of Tubipora are known. A large fossil group, the 
mlata, which flourished from the Silurian into the Triassic and then 
i out completely, bore some resemblance to Heliopora. The colonies 
sisted of numerous cylindrical or prismatic tubes, divided into 
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185. Zoantharia. A. An anemone (Sagartiidae) showing general features. B, 

Cross section of an ideal hexamerous actiniarian through the pharynx. C. Same, below 

the pharynx. Z>. Histological structure of the actinian pharynx. 1, oral disk; 2. siphono- 

glyph, 3, peristome; 4, column; 5, pedal disk; 6, epidermis; 7, mesogloea; 8, circular muscle 

layer; 9, gastrodermis; 10, primary septa; 11, secondary septa, 12, tertiary septa; 13 

redactor muscle; 14, directives; 15, pharynx, 16, septal filament; 17, mucous cell; 18, gland 
cell; 19, supporting cell. 
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macro- and microsepta, respectively; in other cases the two kinds 
septa are anatomically similar and exhibit all size gradations. The sej 
are always coupled, i.e. , are bilaterally symmetrical, corresponding 
the two sides of the plane of symmetry that bisects the corners of 1 
mouth (Fig. 190 B-E). In most forms, particularly sea anemones a 
corals, they are also paired, occurring in twos, close together (J 
1855, C). The spaces between septa are termed interseptal spaces 
chambers. In the case of paired septa, the space between the memb 
of a pair is named endocoel, between pairs, exocoel. The cavil 
of the tentacles are necessarily extensions of the interseptal chamb< 
and tentacle number and arrangement are definitely related to th 
spaces. In the region of the pharynx, the interseptal chambers n 
communicate by openings ( stomata ) throligh the septa (Fig. 187 
The septa usually bear upon one face a strongly developed longitudi 
retractor muscle, also termed muscle banner and muscle pennon fr 
the radiating plates of mesogloea upon which the fibers are borne. 1 
retractors of paired septa usually face each other, projecting into 
endocoel, except in the case of two pairs of complete septa, known 
directives, which occur one pair at each end of the pharynx, attached 
the siphonoglyphs when these are present, and which are distinguisl 
by the fact that their retractors are borne on their outer surfaces, fac 
the exocoels (Fig. 1855, C). This arrangement differs from that of 
Alcyonaria where the retractors of the two sulcar septa face each otl 
All the septa may be equal in length, reaching the aboral end, oi 
different lengths, some even confined to the oral end. 

The free edges of some or all of the septa bear septal filaments, oi 
much convoluted in part. Their upper portions often have a v 
characteristic structure, consisting of three ridges, so that in cross seci 
the filament has the shape of a trefoil or fleur-de-lis (Fig. 187(7). 
central ridge, known as the cnido glandular band, consists of nematoc: 
and gland cells secreting digestive enzymes; it is believed to corresp 
to the six nonasulcal filaments of the Alcyonaria and to be like then 
entodermal origin. The two lateral ridges consist of tall flagelh 
(usually called ciliated) cells and are known as the flagellated (or cilwl 
bands. They resemble the asulcal filaments of the Alcyonaria and 


Pre ZetI"i P o S ition of the septa, the re, ative numbers 

positions of complete and incomplete types, the P lac ' ng .7,™ 

muscles, and the distribution of filaments and gonads among th * 
are «o variable among the different orders and within the same orde 
Zoantharin that no general rule can be formulated for the group^ 
common condition, often stated as cnaractenstic of ’ 

senta occur in pairs in cycles of six or some multiple of six (Fig. 
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Fig. 186. — Zoantharia, external features. A. Diagram of tentacle arrangement of 
■cal hexame rouB a nem o n e, five cycles ahown. B. A stichodactyline anemone, StoickaetU, 
hftmiw . tie* of disk. C. Enlarged fait of same, showing radial endoooelic rows, anils 
leoeiie tentacles. D-G. Anemones from the Great Barrier Reef, with branched 
Ifcr SanUe-Ke at, 1893.) D, Rkodoctis; E, Phymanlh *4 , P, branched tentacle and 
tentacles with sphaeromee of BtUradaetvla. H. J. Adinotryx, Jamaica, with inn~ 
nehed and outer simple tentacles. (After Duerden, 1900.) K. Young specimen of 
twdismfrom fife expanded. L. The same specimen contracted with aoontia protruded 

■phoaogfrph; 2, fines of septal attachments; 3, capitulum ; 4, parapet ; 5. ecapus; 6. pedal 
k: 7. sphaerome: 8. aoontia. 
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Thus there are six pairs of complete septa, one pair of directives at each 
end of the pharynx, and two pairs on each side between these; in the six 
exocoels between these occur six pairs of incomplete septa (secondaries); 
in the twelve exocoels so formed are found twelve pairs of smaller 
incomplete septa ( tcriiaries ); then 24 pairs of still smaller ones, etc. 
Tet this arrangement obtains only in the corals and some anemones. 
Whatever is the disposition of the septa, however, it always confers upon 
the animal some degree of bilateral symmetry. In the type just described 
with two siphonoglyphs and two pairs of directives, the symmetry is 
biradial. for the two ends of the sagittal axis passing lengthwise througl 
the mouth are alike. In other types of septal arrangement, the sym- 
metry is generally bilateral, for the two ends of the sagittal axis, arbi- 
trarily termed “ dorsal ” and “ventral,” are' unlike, through the occurrenc< 
of one siphonoglyph, retractor placing, or other factors. In any case 
the septa are always “coupled,” i.e., any two symmetrically placed t< 
the right and left of the sagittal axis are alike in all their anatomica 
details. These generalizations, of course, apply only to symmetrica 


specimens. 

The muscular system is often highly developed and consists of th 
usual longitudinal epidermal and circular gastrodermal fibers in tentacle 
and oral disk; circular gastrodermal and, in some cases, longitudina 
epidermal fibers in pharynx and column wall ; and transverse and longi 
tudinal gastrodermal systems in the septa (Fig. 1 92.4 , C). Thenervou 
system is like that of other coelenterates, composed of a general epiderms 
plexus with a gastrodermal plexus at least in the septa. The gonads fort 
a band behind the septal filaments, in certain or all of the septa, and d 
not bulge in follicles as in the Alcyonaria (Fig. 187.4). A skeleton i 
present in the orders Madreporaria and Antipatharia but never take 
the form of mesogloeal calcareous spicules; in the former it is an extern 
calcareous ma» secreted by the epidermis, in the latter a hom-like ax 

similar to that of the Gorgonacea. 

The Zoantharia are exclusively marine, inhabiting all seas, but ai 

mo*t richlv developed in the warmer coastal waters. They are solitary 

attached bv the pedal disk, or partly embedded in soft bottoms < 

occasionally* floating; or colonial, with modes of colony formation thi 

resemble those of the Alcyonacea and Gorgonacea The subclfl f 
divided into five orders: Actiniaria, Madreporana, Zoantludea, Ant 


2. Order Actiniaria, the Sea Anemones.-The se; a ^ ne “ on ^°^ 

“ familiar annuals of the seashore. The sohtary, cyhndnc 
,, : dvided into oral disk, column , and base. The oral disk is 

SE . 'sometimes lobed or bilobad. margin, and provrd, 
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rith tentacles except in the genus Ltmnaciima. The tentacles may be 
in number, arranged in a single marginal circlet, or more numerous, 
overing much of the oral disk, disposed in two to many alternating 
ircles (called cycles, Fig. 186.4) or in radiating rows (Fig. 186 B) or both ; 
r the tentacles may be so numerous as to lack obvious arrangement 
Fig. 187,4). In some cases they are grouped into marginal and oral 
>ts. The number when definite is often some multiple of six and 
oubles in each successive cycle after the innermost one. thus: 6, 6, 12, 
I, 48, etc. The tentacles of one cycle are usually of the same size and 
>rm, but those of different cycles may differ in one or both regards, 
he innermost tentacles are the oldest and usually the largest, the size 
ecreasing to the margin; but the opposite condition may obtain, and 
ther patterns may occur. The tentacles are definitely related to the 
iterseptal spaces. In most anemones there is one tentacle to each 
ldocoel and each exocoel, and all the cycles except the outermost 
le are endocoelic. The outermost cycle is exocoelic but becomes 
ldocoelic when new septa appear, whereupon a new set of exocoelic 
utacles forms. The six innermost tentacles belong to the endocoels 
■ the primary mesenteries; the next cycle, of six tentacles, to the endo- 
iels of the secondaries; the third cycle, of 12 tentacles, to the endocoels 
‘ the tertiaries, etc. As the cycles of septa alternate, the successive 
ntacle cycles also necessarily alternate. In several families, known as 
ichodactyhne anemones, each endocoel bears several tentacles in a 
dial row (Fig. 186 B), and each exocoel has commonly one tentacle 
; the periphery but may have a radial row in some species. As the 
imber of septa and consequently of endocoels commonly increases 
ith age, the number of tentacles also increases and may eventually 
ach hundreds. 


The tentacles are usually of simple conical fc 
it the end may be swollen into an enlargement 
matocysts, or the shape may be altered by a spi 
the tentacles may be laterally flattened, or sh 


oval vesicles (sphaeromes, Fig. 186(7) or papillae (Fig. 1S6B. C). 

l some tropical anemones simply or dendritically branched tentacles 

^cur (Fig. 186D, E . «/). All the tentacles may be branched, or the inner 

des simple and the outer branched or vice versa (Fig. \S6J), or the 

iter ones elongated and the inner ones reduced to sphaeromes or 

ipillae. The tentacles are often pierced by one or more pores, apically 
elsewhere. 


The junction of oral disk and column is termed the margin and mav 
• marked by a groove (Fig. 187.4). The column wall varies from a thin 
ansparent to a thick leathery condition and Ls often marked bv longi- 
dmal lines representing the lines of attachment of the septa. The 
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Fjc 187 Zoantharia, structure. A. Diagrammatic longitudinal section of an 

one, based on Metridium; endocoeHc face of * P" ma ^ gt ^“ s S truc ture of a 
exocoelic face of a secondary septum on the left. "• ^ ament at levels t 

the pharynx. D. ben*oi> nti\t .u scapus; 6, septum; 7, siphonogl 

1, capit ulum; 2, fosse; 3, sphincter , p P • * . j musc l e ; 12, basilar raus 

oral stoma; 9, marginal stoma ; 1(X ’ ’ £ se p t um; 16, gonad; 17, septal fil 

limbus: 14, pedal disk; 15, trans\ cise nematocysts- 21, intermediate trs 

of filament ; 24, reticulated tract, 25, retractor 

of septum. 
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jolumn may be of the same texture throughout its length but in a number 
)f common genera (a s Phellia, Peachia, Ilyanthus, Halcampa. Diadumenej 
s differentiated into an upper short delicate, thin-walled region, the 
npitulum, and a lower thick-walled region, the scapus ( .Fig. IS 6 A 0 
[n some genera with such column differentiation, as Metruhum, T'.aha, 
idinia, Ammonia, the scapus just before joining the capitulum stands 
ip as a prominent fold, the collar or parapet, and a shallow or deep groove, 
he fosse, results between collar and base of the capitulum (Figs. 187.-1, 
88 F). Regardless of the presence or absence of the capitulum, the upper 
>art of the scapus may be differentiated into a short region, the scapulas, 
Offering from the scapus not in thickness but in histological construction 
md general appearance. In the family Edwardsiidae, the column often 
exhibits all three regions, capitulum, scapulus, and scapus (Fig. 188.1). 

Shortly below the margin or at the lower boundary of the capitulum 
when this is present) there commonly occurs a thickening of the circular 
auscle layer of the body wall forming the marginal sphincter. This 
unctions to close the margin or upper end of the scapus over the retracted 
ral disk (and capitulum if present) when the animal contracts. In 
arms with a parapet, the sphincter is in the wall of the fosse < Fig. 187.4). 

The column wall often presents a variety of special structures or 
rotuberances that classify as ornamental, adhesive, or protective, 
ome forms possess tubercles or ridges of thickened mesogloea that seem 
a have no special function and may be regarded as ornamental. A 
imple type of adhesive structure is seen in the genus Sagartia where 
be column is provided with adhesive spots consisting of a modified 
landular epidermis. Adhesive papillae (which also bear nematoeysts) 
ccur in rows on Haloclava (Fig. 191.4). More differentiated are the 
> arts or verrucae, protuberances often in longitudinal rows between 
le septal attachments, as in Bunodadis (Fig. 188C), Tealia, A nthopUura, 
tc. They are hollow projections of the body wall provided with a 
secial musculature and having a concavity lined by a glandular epi- 
ermis (Fig. 188D, E). Tenaculi, seen in Halcampa, differ in that the 
aidermis contains radiating supporting fibers as well as gland cells 
y means of these various adhesive structures anemones can cover 
lemselves with bits of shell, gravel, and other objects, presumably 
>r protection. Special nematocyst-bearing structures are also of com- 
lon occurrence in anemones. Most curious are the nemathybomes of 
le family Edwardsiidae, mesogloeal sacs containing a bundle of nemato- 
rsts (Fig. 188.4, K, L); they occur in a single row or in a band (Fig. 
)0.4) between the septal attachments. Acrorhagi, rounded or oval 
allow bodies covered with nematoeysts (Fig. 1886’), occur in a circlet 
; the margin or on the parapet of such genera as Actinia, Anemoma 
>ig. 188F), Anthopleura, and others. They may be in line with the 
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dws of verrucae. In Lebrunia, West Indies, the margin hear-; four , to 
ight branched pseudotentacles whose upper surfaces are provided wi*h 
crorhagi (Fig. 189 B-D). In some members of the families A- riniida-* 
nd Phyllactidae, the acrorhagi may be compound and may enlarge 
do hollow, foliose expansions, termed fronds or pseudoacrorhagi 'since 
ley lack nematocysts), which may encircle the margin like a niff d ig 
59A). Finally may be mentioned the vesicles, simple or compound 
rejections of the scapus, similar to acrorhagi, which occur in tropical 
lemones such as Bunodeopsis (Fig. 188 //, J ) and members of the 
mi li es Aliciidae and Phyllactidae. In some anemones, the column 
all is pierced by a few to many pores, the cinclidts. which may open on 
ipillae and may be arranged in rows. They seem to serve for the 
nission of water when the column contracts suddenly. 

The base is separated from the column by a constriction, the limbus, 
id is usually expanded into a circular pedal disk, used to adhere to 
ones, shells, and other hard objects. In some deeper water forms, 
ie disk curves around to grasp a ball of mud, and in other types, habitu- 
ly commensal, may be drawn out into a lobe on each side used to wrap 
ound stems or shells of other live animals (Fig. 195.1). In form- 
habiting soft bottoms, the base may be simply rounded or pointed or 
ten constricted by the limbus as an end bulb, the physa (Figs. 188.1 and 
Id). In the tropical family Minyadidae (Fig. 1S9F). the pedal disk 
s become a float, being curved into a sac filled with a chitinous network, 
ie base may be pierced by one or more pores (Fig. 191.1). 

The mouth is oval or slit-like (Fig. 185.4), rarely round, often with a 
ised margin, and is usually separated from the nearest tentacles by a 
tooth space, the peristome. The pharynx is usually a long stout 
be flattened laterally (Fig. 185B) to correspond with the mouth shape, 
ie plane through the long axis of mouth and pharynx is termed the 
pttal plane and establishes a condition of biradial or bilateral svm- 


;tiy. The pharynx is short or reduced in a few forms. The siphono- 
qphs may be absent or only slightly evidenced in the more primitive 
jcies, but most anemones have two well-developed siphonoglvphs, 
ne only one. In monoglyphic forms, the single .sipbonoglyph or sulcus 
considered from the arrangement of the retractors to be situated at 
t “ventral” end of the pharynx; such types are bilateral. In diglyphic 
ms, the second siphonoglyph, termed sulculus and sometimes smaller 
in the sulcus, is at the opposite or “dorsal” end of the pharynx 
glyphic types are biradial and may offer no means of distinguishing 
entral” and “dorsal” surfaces in the adult. The terms sulcal and 


dee; 10. cuticle; 11, ep.dernue; 12. ' ' ‘ crorh “* *■ 9. 
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asukal in monoglyphic specie* and sulcal and -:1c 

preferable to ventral and dorsal. Bo:t motoelyp.v. :• ir. : o^.yt ... 

individuals occur in some species, as the 
Atlantic coast: and cases are recorded of £ 
even more siphonogiypk*- I: is probab. 

result from asexual modes of reproduction or regeneration after : 

In the genus Pmchia. the single sipLonogiyp'n is very deep Fig 
and is provided at its oral end with a sort o: s 
wise the siphonoglyphs are deep. 
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insertions of the complete septa rig. l*oo*. 

The septa may be all complete, but gerera^y complete 

incomplete cycles are present. The two sorts may 'diner much in 

sue and other features that they are termed or ' 

ind imcroscpta or wicromcme^. In adult anemones. *.!>'• .vpta arc always 

[paired and never less than six pairs are presen:. although these 12 ^ p:a 

develop as couples rather than as pairs. The most primitive condition 

s found in such genera as Gonaciinia. Prota*Jk<a. and Ed ucrdrui Fig. 

L90A— D). They have eight macrosepta, comprising a pair of directive* 

it each aid of the pharynx (whether this Is monoglyphic. diglyphie. or 

without definite aphonoglyphs) and two single septa on each side. The 

Tetractors of the directives face away from each other while those of th- 

our single septa face “ ventrally " and thus alter the «ymme-iy to a 

lO&teral condition. This arrangement differs from that of the Alcyonaria 

mhr in that the sulcal retractors are on the exocoelic faces. In addition 

» the eight macrosepta there are always present at least four micros p:a. 

rtiich may be developed only near the oral disk and which pair with the 

our angle macrosepta in such a wav that their retractors face each other 

rig. 190B-D). Thus fix pair* of septa are present a’ least distailv. 

ii the exocoel* between these six pair* there are usually present ad lit ional 

«iis of microsepta. two pairs in Gonactinia Fig. 190B . four in P~- 

taiMai (Fig. 1900 and none to several pair* in various member* of ’ b>- 

anaDy Edwardaidae '/Fig. 190D». The statement often seen that the 

idwardriidae possess only eight septa is incorrect, as fully mature 

peomens always have four or more microsepta at least in the uppermost 
«rt of the column. 

In the next stage, the four microsepta paired with the four lateral 
aacroaepta complete themselves and become perfect septa There 
esulte the condition very common in anemones, the presence of s»x pair* 

..u 1 ? l8 W1, T- *"*'* a * d for xU .om sp^« ,h* t 

lyphs mad septa be««* of «t««ve nmlupfaw** by wexual n>eti»da 
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- . A p rnflS section of Edwardsia , below the pharynx. 

Fig. 190. — Actiniaria (continued). A. Cros B D pj agra m8 of the septal 

showing the eight macrosepta and them ^er^ot anemones (based in part on Carlaren, 

arrangement in four of the more iK.m.tive genera of H(dcamvoid es. F. Halcampnd* s. 

rSfc .^SS^^owing = f e £S 
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product; 9, directives. 
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of complete or primary septa, of which two pairs at the pharynx or*, is are 
directives with exocoelic retractors and the four other pairs, sym- 
metrically placed two on each side, have endocoelic retractors. Some 
anemones remain permanently in this condition, as H alcampouirs (Hg. 
190 . E, F), with six pairs of macrosepta. Others may develop a cycle of 
six pairs of microsepta in the exocoels, as Ilalcampa (Fig. 191#, C’) at 
least in the pharyngeal region; proximally, the septa of Ilalcampa may 
represent an earlier stage (Fig. 191C). Many anemones grow an indef- 
inite number of cycles of incomplete septa, each cycle of smaller size 
than its predecessor so that the septa are not differentiated into mac ro- 
und microsepta (Fig. 185C). These incomplete septa usually arise 
n pairs which are usually alike in size and other features but not neces- 
sarily so. With few exceptions, the incomplete pairs appear only in 
;he exocoels; those of the first cycle (secondaries) develop in tin- center 
>f the exocoels between the primaries, those of the second cycle (ter- 
daries) in the exocoels between primaries and secondaries, etc. In 
ypical hexamerous anemones, the number of pairs of septa in the various 
:ycles is then: 6 (primaries), 6, 12, 24, 48, etc. Other arrangements, 
lowever, often occur, especially octomerous and decamerous (Fig. 191//) 
,ypes in which there are 8 (or 16) and 10 pairs of complete septa, respec- 
ively, and corresponding numbers in the incomplete cycles. Thus the 
amily Eyanthidae, represented by Haloclava (Fig. 191.4, //), is usually 
lecamerous. Forms wnth five and seven pairs of complete sepia also 
>ccur. In two or three genera ( Halcurias ), the incomplete septa develop 
n pairs in the endocoels only (except the endocoeLs of the directives), 
ind their retractors face outward. With these exceptions, the retractors 


>f all septa except the directives are endocoelic. There is usually a pair 
>f directives at each end of the pharynx regardless of the presence or 
tbsence of siphonoglyphs; but in some monoglyphic species, then- is but 
me pair of directives, at the siphonoglyph, and, in aberrant individuals 
rith three or more siphonoglyphs, each is generally accompanied by a 
»air of directives. Many anemones evince great irregularity in septal 
lumber and arrangement in consequence of regeneration or asexual 
ingin and to such specimens no generalizations apply. 

The complete septa are usually pierced below the oral disk near the 
iharynx by an opening, the oral or internal stoma; and also often near 
he column by a marginal or external stoma (Fig. 187.4), which may be 
•resent in the larger incomplete septa as well. These stomata permit 
rater to flow between the interseptal chambers. 

Below the pharynx the complete septa curve away (Fig. 187.4), leav- 
es a large central digestive space, often called coelenteron, and toward 
he base all the septa curve centrally so that their lower edges, which are 
jstened to the pedal disk, reach various points on the latter and mark 
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Fig 191 . — Actiniaria (continued). A. Hatodaxi- JTpHiimtiTe conctitka 

of Halodat^ showing decameroufi conm masde (arcumscnpt type). 
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t with radiating lines of varying lengths. The free edge s of some or all 
he septa bear septal filaments that are trifid above, with a central 
inidoglandular band and lateral flagellated bands (Fig. 1ST C). -impl- 
>elow, consisting only of the cnidoglandular band (Fig. IS//?), and this 
atter condition prevails throughout the filaments of the more primitive 
inemones, which lack flagellated bands. Alicrosopta commonly are 
iltogether devoid of filaments. In certain families of anemones, the lower 
nds of the septal filaments continue as free threads, the acontia, his- 
ologically similar to the cnidoglandular bands. These acontia fill up 
he lower part of the coelenteron with a mass of extended or coiled 
hreads 1 springing from the septa (Fig. 187.4). Their function is uncer- 
ain, but they seemingly serve for defense, since, when their owner 
ontracts, they protrude through the mouth or the cinclides (Fig. 186/.)- 
The muscular system is highly developed, particularly the gastro- 
ermal musculature. The epidermal system is mostly limited to longitu- 
inal fibers in the tentacles and radial fibers in the oral disk. In certain 


nemones, as Proianthea , there is also a complete cylinder of longitudinal 
pidermal muscles (Fig. 191G) in the column and pharynx; their presence 
; one reason for regarding such anemones as primitive. In most 
nemones, however, column and pharynx lack epidermal fibers (Fig. 
92 C). The gastrodermal system includes a well-developed circular 
lyer in tentacles, oral disk, pharynx, column wall, and pedal disk. In 
srtain genera (as Bolocera y Boloceroides) a gastrodermal sphincter is 
resent in the bases of the tentacles, by whose contraction the tentacles 
in be cast off, apparently a defense reaction. 

The circular layer of the column, as already noted (page 573), is 
lickened near the oral disk into a sphincter, which is commonly “ento- 
srmal,” i.e., consists of fibers set on projecting mesogloeal plates that 
Lilge the gastrodermis into a welt (Fig. 19lZ>). Entodermal sphincters 
lay be diffuse, i.e., low and broad, or circumscript, high and sharply 
slineated, attached to the wall by a narrowed base from which the 
tesogloeal plates radiate (Fig. 191 D y B). Intermediate types, of course, 
icur. Sphincters may also be “mesogloeal” (Fig. 1911?), composed 
bundles of muscle fibers or cavities lined by muscle fibers embedded 
a great thickness of mesogloea (Fig. 191 E). The septa are extremely 
uscular, and the chief means of contraction of the animal. On one 
ce, usually exocoelic, each septum has a transverse layer and near 
ie column wall, especially basally, a narrow longitudinal band, the 
metal muscle (Fig. 192A). The other, usually the endococlic, face is 
■vered with longitudinal fibers which near the inner edge of the septum 

1 Not infrequently mistaken for gonads. 
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form the retractor, near the outer edge, a parietal muscle (Pig. lft££ 
The retractors may be diffuse (Fig. 1924) or circumscript (Fig. HWLff) # 
intermediate ; they consist of fibers set on longitudinal projecting plates 
of mesogloea which may run parallel (diffuse type) or have a radiating 
pinnate or palmate arrangement. Most illustrations of retractors shew 
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supporting cells of epidermis; 10, mucous gland cells of epidermis. 

nnlv the mesogloeal plates, not the actual muscle fibers. In forms with* 
pedal Lk, rtfparieL muscles, found ou both faces of the scp te.runoul 
the disk more or less parallel to it as the basilar mu scles.^ Submeta 
and basilar muscles are absent mid the retractors tat vreakfr 
m primitive anemones, such as ProOmikeo; mid forms wthout a pedal d* 
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ire also devoid of basilar muscles. Microsopta and the smaller cycle, 

>f incomplete septa usually lack retractors. 

The nervous system consists of an epidermal plexus throughout th* 

yody and a gastrodermal plexus at least in the septa, the two arc con 
lected through the mesogloea. These plexi seem to consist primarily 
>f the fibers from the numerous sensory nerve cells. The epidermal 
>lexus contains ganglion cells in the tentacles, oral disk, and pharynx. 
According to the Hertwigs, the ganglion cells are most numerous in the 
>ral disk at the tentacle bases, where they form a centralized oral ring, 
^ter workers have failed to verify this statement, and Groselj (1909) 
ocates the greatest concentration of the nerve plexus in the upper end 
>f the pharynx. Experiments on behavior have failed to indicate 
he presence of any centralized nervous control. In primitive anemones 
Protanlhea , Gonaciinia ), the epidermal nerve plexus including ganglion 
ells is well-developed along the entire length of the column iTig. 1 9 1 fV ) , 
nit in most anemones it diminishes rapidly below the oral disk and 
appears to be altogether absent from most of the column except for 
aesogloeal fibers (Parker and Titus, 1916). The pedal disk contains a 
ich network of nerve fibers. In general the nerve fibers of anemones 
ourse in a longitudinal direction. 

The gonads occur as thickened bands on the septa behind the septal 
[laments (Figs. 187A and 192A). All the septa may bear gonads or only 
he complete septa or only the incomplete septa, or the directives alone 
aay be sterile. Where a sharp distinction between macrosepta and 
aicrosepta exists, the latter are commonly sterile. Anemones are either 
lermaphroditic or dioecious. 

The epidermis consists of tall columnar supporting cells (Fig. 192C), 
ommonly ciliated on tentacles and oral disk, also over the entire column 
a primitive genera. Between the supporting cells occur slender sensory 
erve cells; gland cells, chiefly of the mucous type; and nematocysts. 
lie sensory cells, of several different sorts, are very numerous in tentacles, 
ral disk, and pharynx (Fig. 187 Z>), decrease in the column, and occur in 
ur abundance on the pedal disk. The pharyngeal lining is ciliated 
flagellated?) throughout and contains besides the usual epithelial cells, 
umerous sensory nerve cells, mucous and granular types of gland 
ells, and nematocysts (Fig. 185D). The epidermal muscle fibers appear 
a be independent cells. The gastrodermis consists of columnar flagrl- 
ited cells whose bases are drawn out into circular muscle fibers (Fig. 
92 CO* sensory cells, nematocysts on the enidoglandular bands and 
contia, and numerous gland cells of the granular enzyme-secreting type. 
Tie gastrodermis is often crowded with zooxanthellac, especially in 
mtacles and septal filaments. The general structure of the septal 
laments was already stated; in addition to the usual three tracts (Fie. 
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I 81 C) they maj- present other histological regions, as the internet 
and nticular tracts. The former, between the cnidoglandular 
flagellated tracts, may be packed with zooxanthellae, then forming 
zooxanthetta tracts, and seem to have excretory and phagocytic functi 
The reticular tracts lie between the flagellated tracts and the sep 
proper. The acontia (Fig. 19 IF) are pyriform in cross section and 
sist of a mesogloeal core covered by a columnar epithelium that on 
broad surface is packed with long nematocysts. Gland cells are 
present as well as longitudinal muscle fibers and a nerve net. 

The nematocysts of anemones are of two sorts: spirocysts (page 
Fig. 192 E), limited to tentacles and oral disk, and nematocysts p« 
distributed everywhere. The nematocysts often occur on the tenti 
in wart-like batteries and may also be mounted on the special n 
organs already mentioned — acrorhagi, pseudotentacles, nemathybo 
and vesicles (page 573). Anemone nematocysts are usually of elong 
slightly curved form. The most widely distributed type is the 1 
trichous isorhiza ( spirula of T. A. Stephenson, 1929) ; microbasic mas 
phores and amastigophores (“bottle-brush” type or “ penidUi 
Stephenson) are also of wide occurrence in anemones and very chi 
teristic of the group (Fig. 192D, F). Atrichous isorhizas occur in 
f amil y Actiniidae on the acrorhagi and column, and the family 1 
lactidae is notable for the possession of macrobasic amastigopl 
which are rare in other coelenterates. 

Anemones are devoid of skeletal formations, although some sp 
secrete a cuticle on the surface of column and pedal disk (Fig. 11 

The mesogloea is always some form of connective tissue, gelatu 
fibrous, or chondroid. The first named is a mesenchyme comj 
of a gelatinous matrix in which amoeboid cells are scattered, 
fibrous type (Fig. 192C), in which the matrix contains numerous 1 
as well as amoebocytes, is the most common and often attains i 
thickness, consisting of several fibrous layers, running alternate; 
transverse and longitudinal directions. The chondroid type 
192F) somewhat resembles vertebrate hyaline cartilage in appeal 
but not chemically, having clusters of cells disposed in a firm col< 
matrix. The mesogloeal cells are of ectodermal origin. 

The anemones inhabit all seas but are larger and more abui 
in warmer waters, gradually decreasing in size and numbers to 
the poles. Some species are circumtropical, while many have a 
distribution. The stichodactyline anemones, which include the 
with branching tentacles and the floating family Minyadidae are t 
sivelv tropical. Although most abundant in shallow and coastal w, 
the group descends to considerable depths. Typically, anemones 
rocky shores where dozens of specimens of one species may be crar 
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Acontiaris. and M(-»omyaria. The Boloceroidaria, comprising only tb 
primitive genera Bvb&roidts and Bunodeopsis f Fig. 188 H). resemble tb 
Protanthea m many ways, lacking basilar muscles, siphonoglyphs, am 
sphincter, and having weak retractors and a complete columnar epidermj 
muscle layer. Both genera possess tentacular sphincters, permittin 
the shedd in g of the tentacles. The septal arrangement is typical. Th 
remaining subtribes of the Xynantheae lack epidermal column muacub 
ture. The Athenaria or Abasilaria are devoid of basilar muscles an 
hence of a typical pedal disk; the base is rounded or set off as a distint 
physa but may sometimes spread out as a weak disk. The membei 
of this group are typically burrowing anemones with elongated slendt 
bodies, few tentacles and septa, and strong retractor muscles. Hei 
belongs the family Edwardsiidae (Edirardsia, Fig. 1S8.4, B, Mibu 
Edurardsia. etc.) with eight macrosepta and four or more microsept 
i.Fig. 190D). Other families are the Halcampidae ( Halcampa, Fi| 
I9l£. C). with typically six pairs of macrosepta and mesogloeal sphincte 
the similar Halcampoididae. without a sphincter (Halcampoide s, Fij 
190F. the tentacle-less Limnactinia); Ilvanthidae, with 12-40 macrosepl 
and one siphonoglyph ( Ilyanthus , Peachta, Fig. 189F. G, Eloadis, Hal 
clava. Fig. 191.4. Harenadis). The remaining subtribes of the Nynai 
theae all have a distinct pedal disk provided with basilar muscles. T1 
Endomyaria have an entodermal sphincter (whence the name of tl 
group'*, sometimes lacking, and there are usually numerous comple 
septa and no differentiation of the septa into macro- and imerosept 
The chief family seen in temperate regions is the Actiniidae, often wil 
verrucae and acrorhagi but no vesicles (genera Actinia, Anenumi 
Fig. 1SSF. Bolocera. Tealia. Bu nod ad is. Fig. 1S8C. Anthopleura, Cond 
lactis . Epiadis. Fig. 104 K). The closely related families Aliciidi 
t 4 hei a PhvUodixusS and PhvUactidae l [PhyUaetu, Aster ad is. Fig. 189, 
Phymadis. Ltbrunia. Fig. 1S9B) are chiefly tropical or subtropical ai 
usual! v have vesicles, fronds, pseudotentacles, etc. The Endomyar 
include the stichodactyliue anemones (now not regarded as a natui 
group'' with radiating rows of tentacles. Fig. 1865. often branched, 
reduced sphaeromes . Fig. 186 G) or papillae or sometimes borne < 
arm-like extensions of the oral disk lAdinodendron). Among r 
stichodactvline families may be mentioned the Minyadidae l Fig. 18 
the \urelianidae. the Phymanthidae (Phy month us, Fig. 186E), AcUn 
dendndae. Thalassianthidae. Stoichactidae ^toidiadi^ Bg^ 186 

Fig. 18610- The last-named family is not d-l^ed 

the others. The Acontiaria comprises those fi unto ^ 
sphincter is usually mesogloeal : and . m the families menrionc 
seota are not differentiated into macro- and micro- types. 


Stephens 
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tales that “the grouping of the Acontiaria into families h* b~r: or, of 
he most thorny problems of Actinian systematic* V.#o. lH - 

le and Carigren now classify this group chiefly on r, mat 
ound in the acontia, but these are often imperfectly k: ;' J ' vn Ir ; , t!> ' 
amity Honnathiidae, the acontial nematocysts are cniefcy i-orr.iza- 

Hormaihia r Adinauge, Paraphilia. C allied -A. Fig. \9\E. 

[damsia, Fig. 195.4). The Metridiidae. sole genu.- M indium. appear to 
ave no very definite characteristics except that the primary ^ pta 
sually lack gonads. Metridium f.old name Adinobba} has s*apus. 
arapet, and capimlum ( Figs. 1S6A and 1S7.4 . very numerous tentacles 
nd ruffled oral disk in the larger specimens, and an irregular number of 
?pta and siphonoglyphs. Both isorhizas and “penioiili occur ahun- 
antlv in the acontia of the families Diadumenidae without a sphincter, 
iptaaidae with a weak sphincter, and Sagartiidae <jgariu j. 
[dinaihoe, PheUia) with a well-developed mesoglc* a! sphincter, and 12 or 
lore pairs of complete septa. The Mesomyaria lack aconna but have a 
lesogloeal sphincter like the Acontiaria. The principal family is the 
ctinostolidae (old name Paractidae) with genera Adinodola. St*>n\ph\a. 

3- Sexual Reproduction in the Actiniaria. — The sex cells are gastro- 
ermal interstitial cells that ripen in the mesogloea. In hermaphroditic 
secies, testes and ovaries usually mature at different times, i.e.. pn> 
indry is the rule. The sex cells may be expelled when rip*/, and fertiliza- 
on and development then occur in the sea water; but in some species 
■rtilization is internal and the young develop to a tcntacuiate stage in the 
iterseptal chambers. In some arctic and antarctic forms, the embryos 
?veiop in brood pouches formed on the externa! surface by saccular 
paginations of the body wall (Fig. IMA). In E pi ad is if*ra . the 

nbryos settle on the lower column and pedal disk of the mother and 
lere develop into young anemones i Fig. IMA’i The tentaculate young 

certain genera (notably Peachia and Edurardsia) are parasitic on the 
irface or in the gastro vascular system of medusae and ctenophon--, 
ihering by means of the mouth margin and taking food panicles from 
ieir hosts by means of the siphonoglyph current. The larvae of the 
inyads early adopt the floating habit. Some anemone larvae lead a 
ng pelagic existence before attaching and developing tentacles, but 
ost attach in the Edwardsia stage. 

Cleavage is total, equal or subequal, and results in a coeloblastula. 
be entoderm arises usually by a typical invagination but in ^,me cases 
r multipolar mgresaon. Both blastocoel and gastrocoel are commonly 
tmpied by yolky material. The embryo now elongates into a ciliated 
anula (Fig. 194 C), provided in some forms with an aboru! tuft of sensory 
tia (Fig. 194R). At the oral (posterior) pole the blastopore persists in 
ses of invagination or soon breaks through The blastopore then 
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Fir 104 — Development of anemones. .1. An arctic anemone, fa'carlw 

such contracted. with brood pouches in tbe^ower^part^f ^ “ arf*rm. 1906) t 
1S937 5. Larva or >a^-fra. ~ ^ 'without aboral tuft: D. planula eettl: 

S^cl«^S ;^^? U ^r^develop m ent of first eight tentacle,. G. Cross sec. 
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sinks inmid and becomes the lower opening of 'he ^omoii^ra. « h,f ?1 
simultaneouslv arises by the rolling in of the ectoderm. Tr, - o' ■» W'-* 
in from the outer wall in couples Fig. 194G ) ; four couples app^r m nq, 1 
succession, first the ventrolateral couple, then usually the do^ao-r-w 
couple followed by the ventral and dorsal directive-- Fig 1*4 i h r 
order of appearance of these three couples may vary. A 
attained called the Edvardtia stage Fig. 194// because the id'-T.n*y 
erf the eigh t coupled septa with the eight macrcoepta of me hdwar'i- 
siidae. All anemones so far as known pass through thv- £Vf ira m e i 
stage (Fig. 194F. H). The Edward fia larv a is considerably different ia’ed. 
having muscles, nematocysts. cnidogLandular bands, a nerve plexus bo.-t 
developed at the aboral pole, and other features. The gelatinous matrix 
of the mesogloea appears to be secreted by bo*h germ layer*, but the 
mesogloea cells are ectodermal. No agreement ha* been reached con- 
cerning the septal filaments, as some workers claim that they are whculy 
entodermal, while others assign an ectodermal oriein to the cnido- 
glandular bands. In the next or Haieampoide* stage, two couples - t 
septa grow out to pair with the four lateral sep’a. so that six complete 
pairs result. These original twelve septa, which arise a* couple-, are 
termed protocneme*. Some anemones, as Hakamptrid ** Fie 190/f. F ) 
remain in this stage throughout life but in most forms additional septa 
termed metacnemet arise in pairs ‘not couples) ar.d the number of com- 
plete pairs may be increased beyond six by the extension of some of the 
later pairs to the pharynx. 

Anemone larvae swim about in the plankton a* tiny oval ciliated 
bodies, with or without an aboral tuft Fig. 194B. C and often gn» . -d 
along the septal attachments. They have a mouth, stomodaeum. siphon* ~ 
glyphs, and 8 to 24 septa, but tentacles are generally absent. Th< y 
attach by the posterior pole (Fig. 194D* and push out eight tentacles 
simultaneously or nearly so (Fig. 194 /Tj; other tentacles then usually 
follow in a bilateral or radial order. Parasitic larvae or those retained 
in brood pockets or in the parental coelenteron develop many tentacle- 
and septa before assuming an independent existence. 

It will be seen that in the development bilateral symmetry Edwa-dna 
stage) precedes the biradial condition. This fact suggests that the 
\nthoxoa may have been a bilateral group originally. The Edvardsia 
stage is reminiscent of the Alcyonaria, but there the eight sep*a ari-e 
simultaneously, while in the anemones they appear in successive couples 

if AdmmM*. of about aua D staving precedence of rwitrolivrij riTAir^J* mar tKa 



■wtKJo of jrooag Adamnm. stage G H <tftrr P a *r* 

. °““ 1 ordeT 01 “P***™** of the wpi* it (he deveiopokeot of 
a. apMcfu frofi/fTa, with grovincjrovag &ttach^i to rewunu. from life l v u«ri 

. .. . ot T brood pewefc: 1. embryo m pouch; pedai disk S tmurlw 

Stto der m ^""f* 1 * ** *^ 8 ' ***** 9 * Mof T tufl 10 ertoder® . 1 J , 

»toder«. 12. TTOtroUtwof coopfe 13. directly .-/.order of sppearaocrol .eptaj couoie- 
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4. Aserual Reproduction and Regeneration. -Some anemones repro- 
ve- regularly by asexual methods, including t ransve rae and longitudinal 
fissicr. pedal laceration, and budding. Transverse fission is known only 
for the primitive Gonadim a prolifera Fig. 190(7) where it regularly occurs 
in young animals. A circlet of tentacles develops on the column, which 
then constricts in two above the tentacles. In several instances, anem- 
ones with partially or completely doubled oral ends have been seen in 
process of oral-aboral or aboral-oral constriction between the doubled 
structures. These have been interpreted as cases of longitudinal fission, 
but it is more probable that they are regulations following abnormal 
regenerations. Regular longitudinal fission or rather rupture does, how- 
ever. occur in the genus Sagartia and probably other genera. The pedal 
disk elongates in the sagittal plane, stretching until it finally ruptures 
along the transverse plane, and the rupture then proceeds rapidly up 
through the oral disk. The tear may also begin in the side and proceed 
through to the other side, a more irregular method that may result in two 
to five pieces. In any case, the tom edges of a piece grow together and 
along this strip of wound closure new septa form, relating themselves to 

the old septa. 

Pedal laceration, first seen in 1744, is a regular mode of multiplication 
in several genera, such as Metridium, Sagartia. Aiptasia, Phellia , Bunodes 
and H (had is. Either the pedal disk puts out lobes that are constricted 
off or pieces of the disk adhere and are tom off as the anim al moves about. 
The tom edges unite, new tentacles and septa develop along the line oi 
closure, the new septa relate themselves to the old septa left in such pieces 
and soon complete little anemones arise, often in a trail mar kin g the pat! 
of the mother. Naturally anemones regenerated from such peda 
fragments or through rupture present many irregularities in septa 

arrangement and number of siphonoglyphs . 

A few instances of budding from the column or pedal disk have beei 

reported but may be misinterpretations, and certainly this type o 
asevual reproduction is rare in anemones. An astonishing mode o 
bud ding occurs in the genus Boloceroides (Okada and Komori, 1932), u 
which the tentacles have a basal sphincter and either in atu or when shec 
bv a constriction below the sphincter bud a complete little anemone at tb 
site of the sphincter Fig. 1 9oD ) . When the buds are formed in atu 

thrir oral ends are toward the mother. 

Regeneration has been considerably studied, chiefly 

dollar fonTwhen the column is cut across, the aboral porboi 
regenerates a new oral disk at any level: the oral piece 
reform' a pedal dot eacept after long periods 

1932) but may regenerate tentacles on the aboral surface, a case 
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“ heteromorphosis ” or reversed polarity. Harenadis . an elongated sand- 
dwelling anemone with a rounded base, reforms ties at any lcve no 
made into the column of anemones usually heal; but if they include the 
pharynx a crown of tentacles or an oral disk may grow out at the cut. 



Fig. 195. Mutualism, regeneration. A. The anemone Adamrin pall iota with lobcd 
>edal disk wrapped around a snail shell occupied by the hermit crab Eupacurjis j*rui*auT\ 
After F aurct, 1910.) B. A crab holding a s ma ll anemone (Bunodeopexe ) in each pincer for 
lefense. ( After Duerden, 1905.) C. A ring of Harenaeii j regenerating several imperfect 
>ral disks with tentacles. {After Chdd , 1910.) D. A tentacle of Boloeermdt* regenerating 
in anemone at its proximal end. ( After Okada and Kcrmori, 1932. » 1. pedal disk of 

inemone; 2, line of union of oral and aboral cut ends to make the ring: 3. old tentacle 4 
olumn; 6, oral end of regenerated anemone. 

.solated tentacles (except in Boloceroides as noted above), pieces of septa, 
if the pharynx, and of the oral disk fail to undergo any regeneration. 
Pieces including column and the edge of the oral disk may form a pharynx, 
tnd pieces of the column wall may grow out tentacles on their orally 
lirected edge. As could be inferred from the occurrence of pedal lacera- 
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tion, pieces of the pedal disk of any size regenerate into complete anen 
ones, whether from the central part without roof or from t he edge with tw 
surfaces. The cut edges fuse, and, along the line of wound closure, ne' 
tentacles and pharynx appear, later moving to a symmetrical positioi 
and new septa arise in couples usually in radial alignment with the ol 
ones. If the piece contained no directives, the new septa may be all not 
directive and radially- arranged; or a monoglyphic anemone may resul 
if the piece had directives, the regenerated anemone is usually diglyphi 
The new septa may follow a bilateral or a biradial plan and usually adju 
themselves to the old septa. Many cases of double or multiple pharynge 
directives, and oral ends occur in pedal disk regeneration, especially : 
elongated pieces. When cuts are made so that a piece of column ai 


a piece of pedal disk are united by septa only, the two pieces fuse ; 
the edges, and the resulting anemone has the polarity of the colun 
piece. Various experiments show that the polarity of the column 
strongly fixed. In Harenadis the level of crosspieces determines ti 
rate of wound closure, amount of regeneration, number of tentacl 
formed, etc. Pieces through the pharynx usually regenerate an oral di 
at each end. The regeneration of the basal end is greatest aborally ai 
decreases the more oral the level of the section. In short crosspiec 


from which the septa have been removed the oral and aboral cut edg 
fuse so that a doughnut-like piece arises, and these rings regenera 
irregular groups of tentacles along or near the line of fusion (Fig. 195< 
Primitive anemones in which the column wall has epidermal muscu] 
ture and a nerve net may show much greater powers of regeneration th 
just stated. In Boloceroidcs , not only do cast-off tentacles regeners 
into anemones but cross sections of the column regenerate into compk 
anemones at any level and pieces of the column wall also become perfi 

anemones. Protanthea has less regulative capacity. 

5 Behavior and Physiology of Anemones.— The anemones i 
practical^ always solitary and chiefly sessile, although never unmova 
fixed Thev fall into three ecological types : those with pedal disks, th< 

without pedal disks, and the floating minyads. The ^ajonty poss 
pedal disks that adhere by mucous secretion and muscular action to a 

firm substratum, such as rocks, pilings, wharves, she ’ p ’ 
animals etc Such forms move at will by a gliding motion of the pe 
disk which puts out a turgid lobe in the direction of advance while 
opposite end contracts. Waves of muscular contracrion, chiefly mn 
basilar muscles, then pass over the disk, from behind forward, so 
£ tar end sivancee firs, (Parker) or from before Wtwnrd -«- 
pushing on, of a fron, lobe (Wdlem). Tta 

b oZ mot; in"tbe direction of the sagittal plane, but others f 
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10 evidence of this. Some species “walk” about on the tentacle up-; 
,thers may reach the surface film and float head downward ; some n l'-a.-e 
heir foothold, inflate, and roll about in the waves; a few ear. climb by 
ising adhesive column structures. A iptasia can u a when 1 * on the move 
only at night) lies on its side and progresses backward by a definite 
>rderly sequence of events: attachment of pedal disk, peristaltic wave 
n circular column muscle from oral end to middle, strong septal euri- 
raction, resulting retraction of oral end, attachment of oral end in new 
>osition, release of pedal disk; continuation of circular wave to pedal cli-k 

0 that latter takes a “step” backwards (Portraann, 1926). This process 
nay be repeated for hours. Such movements as well as the ordinary 
reeping on the pedal disk are executed normally by decapitated anern- 
>nes and are therefore independent of any central control, although they 
ibviously involve a considerable degree of neuromuscular coordination. 
iome small species ( Gonaclinia , Boloceroid(s) considerably accelerate 
heir progress by “swimming,” erecting the tentacles and striking them 
lownward. Anemones usually move about when disturbed or when 
onditions are unfavorable but may remain in approximately the same 
pot for very long periods. Some species are naturally much more rest- 
2 ss than others. Deep-water forms probably seldom move. 

Forms with pedal disks may inhabit soft or sandy bottoms by fasten- 
ag to scattered objects; or in the case of some deep-water species by 
urving the disk around a ball of mud or a small object. The typical 
aud- or sand-dwelling anemones, however, have long slender Itodk- 
rith rounded or pointed basal ends or a phvsa (Figs. 1S8T and 191.-1 V 
Tiese species live buried up to the capitulum and cannot maintain 
n erect posture or their normal shape when removed from their burrows. 
Fhen so removed they again bury themselves with the aid of the phvsa. 
Tie animal at first distends with water but later ejects most of the water; 
he column contracts to a slender firm condition and curves into an arc, 
rith the base directed almost vertically against the sand. With the oral 
nd firmly closed to prevent escape of water, circular constrictions then 
ass rhythmically along the column from oral to aboral end driving 
rater into the aboral end which is thus inflated and forced against the 

umL Repetition of this process accomplishes the burrowing in about an 
our (Faurot’s account, 1895). 

Most anemones are negative to light, moving away from bright 
lumination and in nature seeking dim corners, crevices, and the under- 
ides of objects. They contract when suddenly illuminated by a bright 
ght and in nature are contracted during the day. expanding fully only 

1 dim light or darkness. Some littoral specie, however, are either 
idifferent to light or may exhibit a positive reaction, moving toward a 
ghted region or turning the oral disk toward the light , and expanding in 
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day and contracting at night. Some anemones are negative to gravity, 
taking an erect position but most orient at right angles to the substrata*. 
Shallow-water forms contract when the tide ebbs and expand ^faen 
the tide returns, apparently in response to the flow of water. Certain 
workers claim that anemones removed to aquaria exhibit for several dayB 
contractions and expansions corresponding to day night and toe ebb 
and flow of the tide ; but such statements have failed to obtain ymmJ 
verification. Tide-zone species contract when exposed to the air by a 
falling tide and can endure several hours of such exposure with no 
injury. The presence of food causes expansion of contracted specimens 
and hunger and cool temperatures also favor expansion. 

Most anemones are capable of extreme contraction, drawing the oral 
disk into the coelenteron by means of the je tractor muscles and closing 
the margin over the retracted disk by means of the sphincter (Fig. 186L). 
The pharynx is thrown into transverse folds in the process and water is 
ejected through mouth, cinclides, and other pores. The acontia also 
usually protrude (Fig. 186L) as they are passively carried through any 
aperture by the outflow of water. Contraction may occur very quickly, 
especially in burrowing types, which can draw down into their burrows 
with great rapidity. Expansion is a slower process and is accomplished 
by intake of water along the siphonoglyphs. In the normal extended 
condition, water currents pass inward along the siphonoglyphs, flow 
orally along the inner surface of the column and out through the pharynx, 
whose fla gella (except those of the siphonoglyphs) beat predominantly 
toward the mouth. In anemones with poorly differentiated retractor 


muscles, the oral disk cannot be retracted. 

The tentacles and in some species the mouth are very sensitive to 
chemical stimulation (food juices) , while other portions of the body lack 
such perception, except in primitive forms. If food (giving off juices) is 
presented without touching the tentacles, these soon begin to wave about 
and the mouth may open. The feeding behavior follows three main 
types. In ordinary forms with elongated tentacles, the tentacles 
touched adhere to the food, partly by mucous secretions, partly by toe 
nematocyst threads, then shorten, and bend toward the mouth, on or 
near which the food is held or deposited. Other tentacles usually pan 
in these reactions, and the oral disk also contracts. The mouth atiser 
before or after being touched with food opens and grasps the food with its 
lips and the tentacles then release their hold. In other forms, espe®W 
those with short tentacles, the latter hold the food agumst the d^k,the 
mouth opens, the pharynx protrudes as bladdery obes, “ d ’ j* 
traction of the disk between food and mouth, these lobes reach ^^“ 

and in those species which feed on minute animals, plays the chief 
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ii primitive anemones the whole surface is ciliated and has ediarv cur- 
ents passing from aboral to oral end; but in most forms cilia are limited 

0 the tentacles, beating from base to tip, and to the oral disk, beating 
oward the periphery. Ciliary currents on the column drive small 
irganisms toward the oral disk where they may be caught in the tentaru- 
w currents, carried to the tentacle tips, and dropped on the mouth by the 
.ending of the tentacles toward the mouth. The same ciliary' mechanism 
elps deposit food on the mouth when the tentacles grasping food curv e 
oward the mouth. Weakly ciliated anemones employ chiefly muscular 
aovements of tentacles, disk, and mouth in food ingestion. After reacti- 
ng the mouth, the food is carried inside mainly by the ciliary currents 
f the pharynx, which normally beat outward (except of course in the 
iphonoglyphs) but reverse their beat in the presence of food ; or the cilia 
aay regularly beat inward along the grooves of the pharynx, outward 
n the ridges; and peristaltic waves in the pharynx often assist the 
lgestion. 

Many studies have been made on digestion in anemones, especially 
rith regard to the occurrence of extracellular digestion in the coelenteron. 
everal workers have maintained that the food undergoes preliminary 
igestion only when in contact with the septal filaments but Jordan 
1907) fed bags of filter paper containing fibrin and recovered the ejected 
ags intact and empty, and Ishida (1936) has demonstrated proteases 
nd lipases in the coelenteric fluid of Actinia , 3 hours after feeding. In 
ormal feeding, the food is grasped by the septal filaments and reduced to 
■agments under the action of a protease of the nature of trypsin, active 

1 a lk al in e solution, secreted primarily by the granular gland cells of the 


aidoglandular bands. Fats are also emulsified by this fluid; carlse 
ydrates remain unattacked. After this preliminary digestion, there is 
le usual ingestion of the food broth by the general gastrodcrmis (except 
le cnidoglandular tracts), particularly of the septa, and digestion is 
impleted in intracellular fashion by means of proteases of the type of 
epsin and erepsin, and lipases. Traces of amylases have been found 
Y some workers, but they may come from the zooxanthellae and in any 
ise the ability of anemones to digest carbohydrates must be slight, 
he septal filaments and general gastrodermis of Metridium yield peptic 
ad tryptic proteases, lipase, and maltase (Bodanskv, 1924). and Ishida 
1936) found trypsin, pepsin, erepsin, lipase, and esterase but no diastases 
r any kind in the coelenteric fluid and septal filaments of Actinia. Excess 
•od is stored in the general gastrodermis chiefly as fat. 

Anemones eat almost any live animals of suitable size, or pieces of 
umal flesh, living or dead, or some species feed wholly on minute 
■gamsms caught by ciliary currents. Some discriminate between food 
id inert bodies, rejecting the latter, while many, especially if hungry, 



THE INVERTEBRATES: PROTOZOA THROUGH CTENOPHORA 


• * - 




* t 


*3 a 1 stones. filter paper, etc. 

' * r>' C i ^ v t r^r ir i-it Z< 



‘ ^ ■ 


They accept filter pape 
or may soon disgorge H 

^ £ten n.rer paper and flesh are both fed, the anemone may soon rejec 
the psp-er while continuing to accept the flesh. After the ingestion of 
numt-er >:•: pieces oi i oocL the tentacles react more and more slowly an 

cease altogether to respond- However, tentacles not previous! 
d. will respond to additional pieces of food but not to so mm 
pieces as did the first tentacles. This fact seems to suggest that a 
internal condition oi satiety affects the reactiveness of the tentacle 
possibly through digestive products reaching the tentacular cavitie 
However, the same gradual loss of response in the tentacles to repeate 

; filter paper is fed or if the food is extracted with 
pharynx before it can be swallowed. A sensory fatigi 
n the tentacles after repeated stimulation seems to be indicated as pa. 
of the explanation. Anemones can exist for long periods without foe 
and may diminis h greatly in sire during such times. 

The 'disk is cleaned of objects falling on it or of ejected indigestib 
remains in various ways. Ciliary currents carry such matter to the dk 
edge: or the disk between the object and the edge may contract, formic 
a slope down which the object slides: or the disk under the object nu 
stretch and elevate to form a smooth surface from which water curren 
will readily sweep the object away. 

he abundant secretion - 

mucus in response to almost any stimulus — touch, contact with food, ( 
application of chemicals. Materials ejected from the digestive cavil 
are alwavs coated with mucus. Mucus secreted during extraceflul 
' es’.ion prevents too great dilution of the enxymes with sea water. 
Th* r~m ration of anemones is of the ordinary aerobic type, and i 

pendent on the degree of expansion of the animal ai 

to some extent on the oxygen content of the water. Some figures (Tre 
drier. berg. 1909 are: 1.5 cc. of oxygen consumed per hour by a 120- 
«pe-eimen of Anomor.m s-Jcaia and 0.5 ce. by a 30-g. Adamsia ronddd 
The respiratory quotient R-Q- ) for the former species was 0.68. For t 
isolated tentacles of Ancmonia tulcala a much higher respiratory a 
about four times"- and R Q- 0.9) were found by Kramer (193*)- Ana 
hat 1 arbor symbiotic algae of course give off oxygen when expos 
to light, and consequently their true respiratory metabolism ean 

determined only in the dark. 

F r 'he excretory products of anemones see page .**>• 

h ate perhaps the aod largest fonas mth 

4 . ..ereo UJ rrstem. the characteristics of the latter have hc™nw 

etdei' In general the pedal diak edge and upper 
icnta i-v are very sensitive to touch, while th< 


* y 


or. 


a — ' 

peristome and. rooutn 
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•holly or almost insensitive. The column varies in different species from 
good sensibility to touch to almost complete insensitivity: in form.- with 
complete columnar nerve net, the column is everywhere highly sensitive 
j both mechanical and chemical stimuli. In general, column sensitivity 
ecreases from the pedal disk orally. Repeated light stimulation of the 
•tl nmn may cause contraction of the circular column muscle as a ring 
lat slowly passes orally. Stronger stimulation brings about, fir.-t, 
il nmn contraction by way of the parietal muscles, then lowering of the 
isk through the retractors. Very' strong stimulation of pedal disk or 
il nmn evokes rapid lowering of the oral disk and closure of the sphincter 
rer it. The tentacles when lightly touched may bend toward the 
imulated spot; usually or to stronger stimulation they shorten and bend 
>ward the mouth (feeding reaction). A stimulus is more readily con- 
ucted proximally than distally in a tentacle. Light stimulation spreads 
> other tentacles only after continued repetition, and the oral disk may 
so react by elevating at the site of the stimulus (also a feeding reaction ). 
ight contact on any sensitive region of an anemone causes movement 
the tentacles, local contraction, and perhaps bending toward the 
imulated region. Stronger stimulation is followed by varying degrees 
column contraction, retraction of the oral disk, and closure of the 
>hincter. To slight stimuli repeated at short intervals, the animal may' 
on cease to respond. If a touch strong enough to cause contraction is 
peated, the animal tries expanding in different directions to avoid 
ie blow; but if this does not suffice eventually' moves away. In burrow- 
g forms, the whole animal is almost insensitive, except the oral end, 
hich exhibits extreme sensitivity so that mechanical stimulation causes 
rift withdrawal into the substratum. The pedal disk in some species 
>pears to distinguish between rough and smooth surfaces, and the 
temone will move about restlessly until it finds a rough place to which 
attach. 


As in other coelenterates, the nervous system is characterized by 
eat independence of parts, paucity of reflexes, lack of central control, 
ffuse conduction, variation of response according to the strength of the 
imulus, and apparent decrement. According to Parker, the mucous 
and cells, nematocysts, and acontia are “independent effectors/’ 
sponding directly to stimuli without the intervention of any nervous 
echamsm; but doubt is cast upon this view by the intimate connections 
ten seen between nematocysts and sensory nerve cells and fibrils and 
r the presence of a nerve net in the acontia. Isolated tentacle's and 
ontia behave much like attached ones; and anemones deprived of an 
al disk will execute normal creeping movements and will contract on 
imulation. Various experiments have failed to indicate the presence 
a controlling center in the oral disk or pharynx. The stimulus to 
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contraction appears rathe r to be transmitted by way of the septa than the 
oral disk, for if a piece of column wall connected to the animal only by 
septa is stimulated, the animal contracts as usual. In longitudinally 
split anemones, stimulation of one half will cause contraction of the other 
half if the two halves are connected only by the pedal disk. Transmission 
in the column occurs much more readily in a longitudinal than in a 
transverse direction and in tentacles chiefly from tip to base. Coordi- 
nated neuromuscular action Is shown, however, in the creeping move- 
ments and the feeding behavior where tentacles, oral disk, mouth, lips, 
and pharynx cooperate. Jennings has emphasized the ability of anemones 
to modify their behavior according to circumstances. Thus several 
different ways may be tried of freeing the disk from particles, and if 
contraction and expansion in new directions do not suffice to overcome 
unfavorable conditions, the animal moves away to more suitable 
neighborhoods. 

In an analysis of the nerve net of Calliactis, Pantin (1935) has shown 
that the actiuian nerve net is physiologically similar to vertebrate nerve, 
from which it diff ers chiefly in its diffuse conduction and extreme “facili- 
tation.” Facilitation means that the excitation wave from each stimulus 
leaves sin aftereffect that facilitates the transmission of the next excitatior 


wave. Because of this property, response in anemones occurs only tc 
repeated stimuli, and its nature is dependent upon the number of stimul 
and the time interval between them. Apparent relation betweer 
response and strength of stimulus results from the use of meebamea 
modes of stimulation that act on many-sense organs thus sending ou 
many impulses. Facilitation within the nerve net was found to explau 
apparent decrement in transmission on the oral disk. The nerve ne 
of the column acts as a simple conductor between the sense organs and thi 
v arious sets of muscles : circular column muscle, parietal muscles, septa 
retractors, sphincter. With increasing strength of stimulus, thes 
muscles are called into action in the order named. The reason howevei 
is not one of stimulus strength but of frequency of impulse. The circula 
column muscle responds to very' low frequency of stimulation about 1 pe 
10 seconds, the sphincter to 1 stimulus per 0.6 second, the others t 
intermediate rates. Increasing frequency rates of stimulation evok 
Ire rapid contraction of the muscles. In CaUiaCu .there appeared 
be a very direct conduction path between the septa and the sphincter, bn 
eLVhere conduction is low and a high degree of facilitate obtarn, 

^ar^Sde^'^tp^Un, 

animals. noTbly with heruu, crabs. Certain anemones (almost alw.i 
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ibere of genera with acontia, as Actinia. Adamsia. and Sagartun are 
habitually fastened either on top or below to snail sheik inhabited by 
particular species of hermit crabs (Fig. 195.4,. The hermit crab is able to 
recognize its particular species of anemone, chiefly by touch, cause- it to 
letach by massaging it with its claws, and then holds the anemone again*’ 
the shell until attachment occurs. If deprived of its anemone, the crab 
;eeks a new one, and, when moving to a larger shell because of growth, 
ietaches the anemone and places it on the new shell. In the classical ca-c 
if Adamsia palliaia on Eupagurus prideauxi i Fig. 195.4), the young ane- 
mone is placed below the mouth parts of the crab. At this time it has an 
jrdinary circular pedal disk; but this grows upward in two lobes that 
unbrace the snail shell and secrete a homy membrane to patch possible 
loles in the shell and to extend the opening so that the crab need not 
ihange shells so often. The anemone protects it.- host by its nemato- 
rysts and acontia, receives food particles dropped by the crab, and gets 
ransported about. Adamsia palhata apparently cannot exi-t apart 
rom the hermit crab, probably because of the modification of its pedal 
lisk; but other anemones that have this same commensal habit appear 
o be less dependent upon the relationship. Certain crab* regularly 
lasp small anemones in their pincers and when annoyed hold them out 
a a defensive attitude (Fig. 195B). They also steal most of the food 
aught by the anemones, reaching up on the disk with their appendage*. 

0 that the advantage of the association seem* to lie entirely with the 
rab. Anemones are also often commensal with fish that play among 
he tentacles or beneath the disk and when alarmed dive into the anc-m- 
ne’s interior. Gohar (1934) records observing a small fish commensal 
rith Actinia driving a large fish near enough to be stung and eaten by t h. 
nemone. In most of these cases of commensalism with anemones, th< 

nmunity of the guest to the nematocysts has not l«een explained exc. pt 

1 regard to the hermit crabs fpage 391). 

Many anemones are richly supplied with zooxant hellae •. especially 
i the gastrodermis of tentacles and septa. They have not been shown 
> play any essential role in the life of anemones. 

Anemones may live for several to many years, and specimen- have 
een kept in aquaria for over 50 years. 

6. Order Madreporaria, the True or Stony Corals.— The stony corals 
■e the builders of coral reefs and islands and hence object- of great 
>pular and scientific interest. They are mostly colonial, sometimes 
tntary, and are provided with a hard calcareous exoskeleton, secreted 
f the epidermis and lying wholly outside the polyp body Fig 196 4 E) 

The coral polyp itself may be regarded as a skeleton-forming anemone' 
r it closely resembles a typical hexamerous anemone. A pedal disk is 
Kent, as the basal region occupies the skeletal cup ( Fig. 1 96.4 ). Above 
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this the smooth or warty column lacks cinclides or special adhesive; or 
nematocyst-bearing structures. There is a typical oral disk with 
tentacles in cycles of six, one tentacle over each interseptal space, 
may be a single marginal circlet (Fig. 196D) of 6 or 12 tentacles ; or sever: 
alternating cycles, with numbers on the typical hexamerous plan : 6, 6. 11 
24, etc. Usually, however, the outer cycles are incomplete, as the tenta- 
cles increase coincidentally with the septa and these do not arise simul- 
taneously around the circumference. All cyclical arrangement of the 
tentacles is lost after certain forms of asexual reproduction. The tenta- 
cles are of short to moderate length, simple except in Suhrastraea where 
the endocoelic tentacles are bifurcated, and commonly end in a terminal 
mob of nematocysts (Fig. 196 D), although they may be slender and 
capering (Fig. 1965, C). There are also usually warts of nematocysts 
dong the sides. In contraction, the tentacles may fold over the disk 
>r may introvert or become incorporated into the disk so as almost to 
lisappear. 

The circular or oval mouth is surrounded by a flat, depressed, or 
onical peristome. The pharynx is short, circular or oval in section, 
idged in some forms, and always devoid of siphonoglyphs. The septa 
ollow the hexamerous plan. In some genera, as Acropora and Pontes, the 
irst 12 septa (protocnemes) remain in the Edwardsian stage, i e., with 
wo pairs of directives, four single complete septa and four incomplete 
epta paired with these. In other genera the protocnemes form six com- 
pete pairs. There are usually also in corals alternating cycles of incom- 
ilete septa that arise in pairs in the exocoels (Fig. 196 E) to give the usual 
lexamerous arrangement : 6 (protocnemes), 6, 12, 24, etc., pairs. Bec ause 
f the snag size of the coral polj-p, there are seldom more than throe 
ycles of se^ta present, and the last cycle is usually incomplete, since the 
epta appe?ajrfM st on the “dorsal” side and only gradually complete the* 
ycle veritrally. In some forms, septal pairs of the second cycle mav 
fte pharynx, increasing the number of complete pairs beyond six. 
n Acroporb and PoxiiM, the incomplete septa arise only in the endocoels 
f the dorsal or venpal directives or both; in other genera they are 
knctly exocoelic. After certain types of asexual reproduction, the 

ipta lack any dffinite arrangement, and the offspring never form 
irectives. 

All the septa Bear filaments that are often highly convoluted they 
mast of the cmdoglanduiar band only and hence entirelv resemble 
^ologtcaffy the lower portions of the filaments of anemones (Fig. 

/)• , J Uaments usually protrude through the mouth in feeding 

id may also be emitted through temporary ruptures in the column wall 

he sepul musculature is feebly developed as compared with anemones 
it the retractors are usuallv in pvirlAnno i ... . . i <• . . ? 
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type Fig 196F>. Stomata are lacking. The septa are more or les 
confined to the upper part of the coral polyp and are apparently cor 
tinually absorbed below as more skeleton is secreted. 

The lower part of the eoelenteron is occupied by the folds into whie 
the polyp base is forced by the skeletal ridges (Fig. 196.4). These fold 
always occur between septa, and the depressions between the folds exten 
to the polyp base between the skeletal ridges as blind pockets terme 

loculi Fig. 197.4). Consequently if the skeleton is dissolved away wit 

acid, the basal end of the polyp is seen to bear numerous deep radiatic 
grooves, each of which was occupied by a skeletal ridge and whic 
project into the interior as vertical folds. 

Epidermis a nd gastrodermis are sim ilar to those of anemones but a 
generally syncytial. The former is commonly ciliated on the fn 
surface and contains numerous mucous gland cells. Basally the ep 
dermis is modified to form the so-called calicoblastic layer, which secret 
the skeleton. The pharyngeal epidermis is likewise ciliated and provide 
with both mucous and granular gland cells. The gastrodermis seems 
lack the usual flagella; in the polyp base it is greatly thickened and high 
vacuolated. As already noted, the septal filaments consist only of tl 
cnidoglandular band, which contains large numbers of enzyme-secreti] 
gland cells; and the convoluted portion, protruded through the mou 
in feeding, bears in addition numerous nematocysts. The gastrodera 
of the free part of the polyp is thickly packed with zooxanthellae, whi 
are absent among shallow-water corals only in Astrangia and PhyUang\ 
The mesogloea of corals is very thin and composed of a matrix containi 
fibers and cells. In skeleton-covered regions it puts out desmoid pn 
esses, shaped like an inverted cone or wedge, covered with modifi 
epidermis and apparently serving to anchor the polyp to the skeleton. 

The nematocvsts are very similar to those of anemones and ve 
uniform throughout the Madreporaria so far as known (see Weill, 193 
Thev cond't besides the usual spirocysts, o f holotrichous tsorhizas a 


microbasic maMigophores. _ 

The jntKcqlaiur^-h, f e ebly d ev elo p^ It composes longitu^ 

epidermal fibers in the tentacles; radial epidermal fibers in the disk 

circular gastrodermal layer in tentacles, oral disk, pharynx and colrn 

wall; and transverse muscles on one side, longitudinal on the other si 

of the septa. There may be some development of a sphincter mu. 

in the column by which the column can be closed over the retrac 

<lbk The septal retractors are borne on slight longitudinal pro] 

of mesogloea frig. 196*)- The base inside the skeletal cup is devoid 


T he ^ nervous system is poorly knosn— A delicate epidermal 

• ..dTTnL onrl oral disk and. in Coenopsammia, also 
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pharynx and column (Duerden and Ayres, 1905). In several colonial 
species tested, mechanical stimulation of one polyp was transmitted to 
others, so that the presence of a nerve net throughout the colony nm-t 

be assumed. , . . . 

As already indicated a considerable part of each coral polyp is insepa- 
rably fixed in a cup-like skeleton of calcium carbonate (aragonite), 
composed of masses made of calcareous fibers radiating from a central, 
probably organic, material. The manner of formation of the skeleton 
is not understood, but according to the most accepted view calcareous 
crystals are precipitated in a colloidal matrix secreted to the outer side 

of the epidermis. 

The skeleton of the colony as a whole Is termed corallum, of each 
polyp, 'coraHUe. The corallite consists of a cup containing vertical 
ridges radiating from the center to the periphery (Fig. 197/1). The 
bottom of the cup beneath the polyp Is called the basal plate, the wall 
of the cup that encloses the aboral portion of the polyp is termed the 
theca, and the ridges are known as skeletal septa or scleroscpta.' The 
theca can be an independent formation or can arise by the fusion of the 
outer ends of the sclerosepta, then called pseudotheca. The inner ends 
of the sclerosepta are fused to a central columnar skeletal mass termed 
the columella, which may be an independent upgrowth from the basal 
plate or formed by the union of the central ends of the sclerosepta, thei 
named pseudocolumella. Outside the theca there may be secreted a 
second wall, or epitheca, which may be separated from the theca by a 
space crossed by continuations of the sclerosepta called costae t Fig 
197 C). Small ridges between the columella and the main part- of the 
sclerosepta are known as pali (Fig. 197/?). Synapticula are skeletal bars 
connecting adjacent sclerosepta. Horizontal plates between sclerosepta 
are called dissepiments when of small extent, tabulae if extending com- 
pletely across the corallite. The sclerosepta are commonly spiny or 
thorny with jagged or toothed upper edges. 

The sclerosepta are definitely related to the septa (Figs. 196.-1, E, 
197 A) and like the latter typically occur in hexamerous cycles of decreas- 
ing length: six primaries, six secondaries, 12 tertiaries, 24 quaternaries, 
etc.; but other numbers may obtain and of course much irregularity must 
be expected. The sclerosepta are commonly endocoelie, i.e., each 
skeletal ridge pushes up between the two septa of a pair (Fig. 196.4, E). 
The original second cycle is, however, usually cxocoelic, and by repeated 
bifurcations its outer ends always remain exocoelic (see further below). 

* When the septa are called mesenteries, then the skeletal ridges are termed simply 
wpta; but as the word mesentery has been avoided, it becomes necessary to due 
anguish the skeletal septa from the septa of the coelenteron, and hence the term 
sclerosepta will be employed whenever necessary to avoid confusion. 
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i n,. 197,-Coral structure ■-..tinned' -4- Section 

Diatom -i half of' a' 'coral 'skeleton, showing particularly the 

r columella; S, costae; 9, synapmula. 
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The formation of the sclerosepta usually precedes that of the correspond- 
ing se pta (Fig. 199 E-G), and hence there are commonly more sclerosepta 
than septal pairs (Fig. 196F). The first cycles of sclerosepta reach the 
columella, while the later ones fall short of it and may fuse with adjacent, 
larger septa. It may again be emphasized that the corallitc lies entirely 
outside the polyp body and that the polyp base is pushed up into ridges 
over the sclerosepta and descends into blind pockets (loculi) between 

sclerosepta and septa. 

Some corals, as the genera Fungia (Fig. 200), Flabellum , Caryophylha 

. _ _ . V • . 1 « 1 • 1 


Balanophyllia 


or 


^ — — * * 

theca, lying loose on the bottom or fastened below by a stalk. 1 bey 
may reproduce by longitudinal fission or by budding from almost any 
part of the surface, in which process the sclerosepta of the buds build 
on from those of the parent. Most corals, however, are colonial and may 
form low flat plates or cushion-like or spherical masses or vases or cups 
or may be branched, with short stout or long slender or flattened plate- 
like or leaf-like branches (Fig. 201). Such colonies originate by asexual 
methods from a single sexually produced polyp and consist largely of 
calcareous secretion of which only the surface is occupied by living sub- 
stance. .The polyps may be widely spaced, each occupying a separate 
theca as in Oculina (Fig. 198.4); or the thecae may be so close together 
as to have commcm walls' asln Favia (Fig. 198D); or polyps and corallite> 
may be confluent into rows that occupy valleys in the corallum separated 
by ridges. To this last type belong the familiar meandrine or “brain 
corals” (Fig. 201), large rounded masses whose surface is marked by long 
curved depressions occupied in life by a row of incomplete polyps having 
one common fringe of tentacles and many mouths and pharynges (Fig 
1982?, F). In colonial corals, the polyps are small or even minute, vary- 
ing from 1 mm. to 2 to 3 cm. in length; the colonies themselves reach a 
maximum of 2 to 3 m. in length or diameter. 

The spa ce between the thecae of coral colonies is occupied in life by 

sion of the polyp walls, continuous with the* 
latter above the upper edge of the theca (Fig. 196.4) and containing a 
gastrovascular space continuous with the gastrovascular cavity of the 
polyps. The lower surface of this coenenchyme secretes the part of 
the corallum between the thecae, sometimes termed rotnostnim, 1 In 
addition in many corals the polyps may be connected by canals coming 
From the polyp bases and passing through openings in the loosely con- 

'Am^g coral specialists the living material between polyps is called coenosarc 
md the skeleton that it secretes, coenenchyme. This is but one of innumerable 
examples of confusion in zoological terminology. The word coenenchyme will her* 
ae employed m the same sense as in the Alcyonaria. 
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structed theca. Corals in which the corallitc is thus perforated with 


solid texture and the polyps connect by coenenehyme only over the 
jpper rim of the theca are called imperforate; but these distinctions are 
lot now regarded of as much importance as formerly. 

/The manner in which colonial polyps increase asexually is not thor- 
mghly understood. Contrary to former opinion, there is never any 
ongitudinal fission through the pharynx. Matthai has distinguished 
wo types of budding: extra- and intratentacular. In the former, 
KJeurring in colonies with well-separated polyps, new mouths and 
>harynges appear in the coenenehyme outside the oral disks already 
present and acquire septa continuous with those of adjacent polyps 
Fig. 198(?). Polyps so formed have usually typical hexamerous septa 
nth two pairs of directives. In intratentacular budding, two or more 
ew mouths and pharynges arise on the oral disks of old polyps inside 
he same circle of tentacles (Fig. 198 H). One such new bud may arise 

t a time, or two, opposite each other or both on the same side, or the 

* 

uds may spring in a circle or in a linear row. When two buds arise on 
lie same side, branching results. The new pharynges may const riel 
ff completely so that separate oral disks are formed; but in many speeies 
le process is incomplete, and huge polypharyngeal polyps result, whieh 
lay be very elongated with many mouths in a row bordered by a single 
inge of tentacles (Fig. 1982?); or circular with many mouths in cycles 
iside one circle of tentacles. In intratentacular budding, the septa and 
lerosepta are naturally totally irregular, and directives are absent. 

Skeleton is con tinually secreted by the polyp bases so that tin 
iralltnn grows In bofh length and diameter. By the formation of tabulae 

the corallite the polyps are continually pushed up and so always remain 
1 the surface of the mass (Fig. 1972)). 

The gonads are borne on th e septa back of the septal filaments. 
[>ralls mayT>e dioecious or hermaphroditic. Some species breed oon- 
luously for months, while others spawn at intervals throughout the 
ar. The time of spawning may be related to phases of the moon, 
le embryos commonly develop to the planula stage/Fig. 1992?) or later 
the coelenteron of the mother. A typical Edwardsxa stage is reached 
m the anemones, with four couples of complete septa, usually appeanng 

^ e ^ er ido e A tr0 t tera1 ’ dorso,ateral - ventral directives, dorsal diree- 
, (*ig. mC) Four incomplete septa then pair with the lateral 

upl^ and as dready mentioned some corals remain permanently in 

condition. Most pas s on to the Hakampohhs stage with six pairs 

iding; one bud and three adult nolvna up- « 

r P har T“* forming. (C and B ) T ““i". 1 « d d. n g ; 

jroeepta. ^ 1 , mouth; 2. aepta; 3. bud; 4. 
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of complete septa and later in any case incomplete pairs develop in cycfca 
in the exocoels (endocoels in Acropora and Poriies , page 601). Tfe 
incomplete septa appear first in the dorsal exocoels, and the cycle o 
gradually completes itself ventrally; in fact before the secondary cyd 
is complete, septa of the tertiary cycle often appear in the dorsal exocoels 



s-jd tw oi * 

lea of sderosepta, septa m Edwardian . ■ . sclerosepta fused with 

ked tertiary sclerosepta appearing; G, next stage, tertiary 

H. final arrangement of the sclerosepta. 


and not only that, but the ternary septa anse earlier to 

tion the tentacles “-“SA “ < 
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as in anemones. The skeleton begins to be secreted soon after fixation 

Beneath the attached end a circular basal plate is formed and on th i- 

appear six sclerosepta under the six primary endocoels Fig. WjD> 

Followed by six more beneath the six primary exocoels (Fig. 1 99 Ft : 

ar all 12 may form simultaneously. The further development of the 

sclerosepta is best known for Siderastraai. In this genus, the fir.-t 

?xocoelic septa bifurcate at their outer extremities, and the secondary 

mdocoelic septa appear halfway between the two forks (Fig. 1 99/’): 

he forks again bifurcate, and tertiary endocoelic septa arise between 

hese bifurcations, etc. (Fig. 199<7)- As a result, the original exocoelic 

■ycle (second embryologieally) always remains exocoelic, and there are 

10 new exocoelic cycles. The endocoelic cycles fuse with the unforked 

>arts of the exocoelic cycle to make the adult endocoelic sclerosepta 

Fig. 199G). In consequence, the adult secondary sclerosepta are not 

he embryologieally second cycle but result from a fusion of the third 

mbryonic cycle (second endocoelic cycle) with the original second cycle. 

limilarly the adult tertiary sclerosepta come chiefly from the fourth 

mbryonic cycle, etc. In Siderastraea , the theca is an independent 

armation and the sclerosepta eventually extend peripherally and fu-e 

nth it (Fig. 199//). Theca and columella in other corals may be either 

idependent formations or arise by the fusion of the ends of the selero- 

jpta. The sclerosepta like the septa appear first dorsally and later 

entrally and often are secreted before the corresponding septa have 
ev eloped. '» 

_A rem arkable life hi story is known for the solitary coral Fungm 

fig. 200) . TEiTyoung coral developed from the planuia is cup-shaped 

ad buds off others like itself, often in fact becoming a little colony with 

weral buds. In each of the young, the oral end finally expands into a 

sk (anihocyaihus) , which is eventually cut off by absorption of a ring of 

:eleton (Fig. 199.4). The remaining stalk (anthocaulus) grows a new 

sk that is again cast off, and this process may be repeated several 

mes. The disks heal below, expand greatly by growth, and live as 

litary corals lying loose upon the bottom (Fig. 200) The whole 

ocess recalls monodisk strobilation in the Scyphozoa. Furwia as 

ready noted (page 605) continues to give off ordinary buds throughout 
* 


nulli fication o f cora fa jike that of many other invertebrate 
" “ W Sttt*. The corals are usually divided 

rfo«r ST Th ,n, . PCrfo ; a,e or “P”"** >he tungids. and the 

Mptmul. The families are: Flabellidae. Turbinolidae. f arvophvl- 

ae, Senatopondae, Oculinidae. Aatrangidae. Eusm.liidae Orbi^lKj:. 
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Faviidae, and Mussidae. The Flabellidae are typified by the solitary 
F label! um , having a large laterally flattened fan-like theca covered with 
an epitheca. The Caryophyllidae ( CaryophyUia , Fig. 197B) are also 
solitary or nearly so with moderately sized goblet- or cornucopia-like 
theca provided with one or more cycles of pali. The Seriatoporidae 
(genera StyUrphora; Seriatopora; PociHopora , Fig. 201, lower right) form 
coarsely branched or lobed colonies with compact coenosteum and small 
crowded corallites and are important reef-builders. The Oculinidae or 
ivory corals ( Oculina , Fig. 198-4, C; Lophohdia , page 616) are slender 
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branching types with a smooth solid coenosteum and well-separat. 

< A strong, Ouhtugm) form - 

X; -ur g a.ong the coasts of the Americas 
dXo doL, is found on our Athmric 

north to Massac nuseiu>. - , arross erowing on roc 

colonies, usually no^momjhan^ or 3.^* a^, ^ ^ ^ 

“v h ^’Xo^Unne'r' and flatter and with smaller cups thm. t 
which are tuereu/n* * the cuw to ft) 

ThP nnlvDS cannot withdraw into me t U1 » 
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extent. The slender tentacles are covered with nemarocyst warts and 
tipped with a nematocyst knob. The larger polyps have three cycles 
of tentacles (mostly 12 larger tentacles alternating with 12 smaller ones, 
and some fourth-cycle tentacles. Six pairs of primary septa, six pairs 
of secondary septa, and some tertiary pairs on one side are usually 
present. The sclerosepta also show the condition usual in coral polyps 
of being more advanced on one side than on the other, i.e.. there are, 
in the larger cups, three complete cycles and a fourth incomplete cycle. 
In some regions of the theca, the alternation of the larger septa of the first 
and second cycles with the smaller septa of the third cycle is quite 
regular; but where the sclerosepta of the fourth cycle are appearing, the 
arrangement becomes irregular, and fusions of septa into groups are 
noticeable. Astrangia danae feeds on crustaceans, small fish, and bits 
>f meat and will re main healthy for some time in aquaria. 

The remaining four f amili es of imperforate corals are known as the 

istraeul corals (old family Astraeidae) and furnish many of the most 

mportant genera of reef builders. They are typically of rounded 

nassive form with contiguous or confluent thecae, but some are foliaceous. 

[mportant genera of the Orbicellidae are Orbicelk i (Fig. 201, second right), 

:hief reef builder of the West Indian region and Galaxea (Fig. 197 Z>; 

rith protruding eorallites. The Faviidae include a group of genera 

Faria, Fig. 198Z), Favites, Goniastraea) with closely placed polygonal cups 

ind another group, exemplified by the brain coral Meandra (= Mean- 

Irina, Fig. 201, upper right) in which the thecae are confluent into 

rinding valleys occupied by compound many-mouthed polyps bordered 

»y a fringe of tentacles (Fig. 198JF). The Mussidae (A lussa; Symphylha; 

sophyUia, Fig. 201, upper left) are similar to the brain corals but with 

ieeper valleys and more protruding walls (“collines”) between the 

alleys; in the genera mentioned the polyps are also compound as in 
f eandra. 

i^The fungian corals have lamellate septa connected by synapticula 
nd may be either perforate or imperforate. The Fungiidae comprise 
ungia (Tig. 200) and several similar genera with a large flattened disk- 
ke or elongated corallum solitary or compound, King loose or attached, 
■he interesting life history of F ungia has already been noted (page 609) . 
he young are attached, but the adult disks bearing a single large polyp 
ith many blunt tentacles lie loose upon the bottom and are particularly 
rpert at freeing themselves from sand and silt. The Agarieiidae 
igarida; Parana; Siderastraea , Fig. 201 , center left, third right) are 
lasave or foliaceous with numerous closely placed polyps as in the 
aviidae, but there are no definite thecal walls, and the sclerosepta are 
tore or lee continuous between polyps. The indefinite bounding walls 
ne well shown in the photographs of Siderastraea (Fig. 201). 
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In the perforate corals, the corallum everywhere is extremely porous 
and of loose construction. There are three families: Eupsammidae, 
Acroporidae, and Poritidae. To the first family belongs the solitary 
Balanophyllia, of which a species occurs on the California coast (big. 
1965). The Acroporidae, very porous, mostly branched corals with small 
polyps and cylindrical cups separated by perforate coenosteum, include 
some of the most important reef builders, notably the genera Acropora 
{= Madrepora . Fig. 201, left bottom, Fig. 202) and Montipora. The 
Poritidae ( Porites , Goniopora ) tend to be more massive or lobulate, with 
shallow contiguous cups, and are likewise common reef corals. 

Activities are limited. In some the column can close over the 
•etracted oral disk as in anemones, while in others on contraction the 
tnimal simply shortens into the corallite. The tentacles are often 
ntroverted into the interior. Ciliary currents and mucous secretion 
day a large role in behavior. On the column, the currents run upward 
n some species, downward in others; on the disk the cilia beat inward 
tear the mouth, outward toward the margin elsewhere; on the tentacles 
he currents run from base to tip. These currents ordinarily serve to 
any off sediment to which corals from the nature of their habitat are 
auch exposed. Sediment mixed with mucus is wafted toward the edge 
if the disk or tips of the spread tentacles and so falls off. In some 
pecies great body distension, raising the disk above the corallum, 
ssists in the removal of sediment. Some corals can clean themselves 
rhen completely covered with fine sand, but others perish under such 
onditions (Yonge, 1936). 


Species with long tentacles feed much like anemones; the tentacles 
rasp the food and bend with it toward the mouth; or the widely opened 
louth moves toward the food, aided by the contraction of the intervening 
;gion of the disk. Smaller types and those with reduced tentacles 


cnploy chiefly the ciliary-mucus method, in which the food entangled 
i mucous strands is wafted toward the mouth by ciliary currents. Food 
lught on the coenenchyme is conveyed to the nearest mouths by the 
une method. It appears that the usual outward beat on the oral disk 
reversed in the ciliary-mucus method of feeding but not in the tentacu- 
r type. Near the mouth and in the pharynx the cilia always beat inward 
id the food as soon as it comes within the scope of these currents is 
tmed down the pharynx. Usually the septal filaments protrude 
irough the mouth, grasp the food, and may even start digestion outside. 
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animal food, whether in the dark or in the light. The zoosanthellae 
appear to be of use to the corals in that they remove the carbon dioxide 
mven off by their hosts and the nitrogenous and phosphorous wastes 
resulting from protein metabolism. Near the surface the oxygen set 
free by the zooxanthellae in photosynthesis is sufficient during the day- 
time to supply the oxygen requirement of the corah (but not of planulae) , 
below 4 m., because of the reduction of light, this is not the case. Corals 
with zooxanthellae are positive to light, and this reaction plays a role 

in the direction of their growth and regeneration. 

Certain animals also live in close association with corals, particularly 

Crustacea, notably the coral-gall crabs Harpalocarcinus and Cryptochirus. 
The former is limited to the family Seriatoporidae, which branch dichoto- 
mously. The tiny immature female settles in a forming fork of the 
branches and by means of its respiratory current causes the young 
branches to broaden and curve around it so as to leave a chamber in 
which the crab is permanently imprisoned. The animal must neces- 
sarily feed on minute organisms brought by the respiratory' current 
through the small apertures of the gall chamber, and its food-catching 
appendages and digestive system are much modified. The minute males 
form no galls and apparently creep into mature galls to fertilize the 
females. The related Cryptochirus is found only in massive corals, 
chiefly of the family Faviidae; both sexes live in cylindrical pits opening 
to the surface. The prawn Paratyphon lives in galls on Acropora and 
has been modified to a short stout shape with reduced sense organs 
(Borrodaile, 1921). Certain barnacles (Creusia, Pyrgoma) are epizoic 
on corals, eventually becoming embedded in the corallum, with whose 

growth they keep pace. fX/}/’ >1 l * 

j^The reef-building corals require warm, shallow waters and conse- 
quently are limited - to conttfiemaT’ancT island shores in tropical and 
subtropical zones./ They cannot endure temperatures below 18°C. for 
any length of time and only above 22°C. do they exhibit a flourishing 
growth. They are almost absent from the western coast of South 
America and Africa because of the cold currents that course along those 
coasts from the antarctic. /Consequently the reef corals inhabit two 
general regions: the Caribbean-aed related waters, including Florida, 
Bermuda, the Bahamas, and the West Indies; and the Indo-Pacific region 
from the east coast of Africa, including Madagascar, through the Indian 
Ocean, including the Maidive, Laccadive, Cocos, Chagos and other groups 
of islands, and throughout the western Pacific^/embracing the Malay 
group of islands, the Philippines, the northeastern coast of Australia, 
and all those innumerable Pacific islands to the east of Australia as 
far as Hawaii. This second region is of course the major one for coral 
growth, and in fact the Pacific northeast of Australia is known »« the 
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^oral Sea. The reef-building corals are also limited in vertical distribu- 
;ion by the decline in temperature of the ocean with depth; they do 
lot grow below 50 m. at the most, and they flourish best above 30 m. 
rhe reef front exposed to the constant pounding of the waves is formed 
:hiefly of massive types of corals, flat to rounded forms without branches 
> r wilt short stout branches, with broad basal attachments. The more 
lender branching types and those with thin foliaceous expansions are 
:haracteristic of the quiet waters behind the reef frontJ The form of 
;orals is, however, greatly altered by environment, anu many species, 
iresent a variety of ecological types, grading from resistant shapes with 
■educed branches when growing in the surf to tall forms with elongated 
iranches in quiet water. ^ Many of these ecological variants were formerly 
sonsidered distinct species. Light and ampunt of sediment also limit 
;he distribution of reef corals. They usually fail to grow in shaded 
ireas otherwise suitable and according to Edmondson (1928) die if kept 
n total darkness (18 days). As inhabitants of shallow waters subject 
;o strong wave action, corals must cope continually with sediment; and t 
ilthough provided as related above with a ciliary mechanism for freeing 
ihe disk from debris, they naturally cannot dispose of large amounts of 
iediment and may not grow fast enough to keep above bottom accumula- 
,ion. Hawaiian reef corals were found by Edmondson to survive for 
ieveral hours under 4 inches of sand and silt. On the other hand, the 
lolonies on the reef surface are exposed to air and sun at the lowest tides, 
ind, although they can endure such conditions for brief periods, the tops 
>f colonies are often killed in this way. In Edmondson’s experiments 
>n Hawaiian reef corals (1928) the corals were killed by 1 hour exposure 
o 34°C. and died in 8 hours at 32°C. Corals therefore appear to flourish 


>est at temperatures that are near their upper limit of survival. Expo- 
iure to the sun out of water killed the corals in less than an hour. Exces- 
iive rain and fresh water are also fatal to corals, but a 50 per cent dilution 


nay be endured for many hours or even a few days. j. 

Below depths of 50 m. occurs a coral fauna that dcfes lf?of?build reefs. 
These grade from solitary forms between 50 and 75 m. related to the reef 
judders to deep sea corals going down to 8000 m., and living in very weak 
ight or darkness at temperatures between 1 and 15°C. The deep-sea 
orms consist mostly of solitary cup corals and some delicate fragile 
branching types. In more northern latitudes they live in less deep 
vaters. A sparse coral fauna extends even into very cold latitudes and 
nay build deep-water reefs such as those formed by the branching coral 

^ophohelia at 200 to 600 m. depth in the North Sea. 

/Although the stony corals are the principal builders of coral reefs and 
stands, other organisms play a considerable role, notably the nulhpores 
„„r<,u;™ olrrnp pnerusting or branching - algaS~impregBftted with Mme 
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and growing upon the coral colonies. Other important contributors 
to coral rock are the Foraminifera, Millepora, the much calcific* 
alcyonarians Tvbipora and Heliopora , some of the more fleshy alcy- 
onaceans, and the gorgonians, which last form a conspicuous feature o 
coral beds in the Caribbean-West Indian region. Besides these, coral 
formations are inhabited by a vast throng of sponges, anemones, sea 
urchins, starfish, crabs, tubicolous annelids, holothurians, snails, and 
bivalves and are haunted by numbers of brightly hued fish. Coral beds 
composed of this multitude of organisms of varied shapes and colors, 
viewed through the deep blue waters of a lagoon, constitute one of the 
most beautiful sights in the world, rivaling the most gorgeous flower 
gardens. /The coral polyps themselves are commonly some shade of 
yellow, brown, or green\ because of their zooxanthellae, but almost any 
hue may be found among them. The skeletons are white but are very 
often permeated with red and green boring algae whose colors they 



h S*A c oral reef is a ridge or mound of limestone the upper surface of 
which is near the surface of the sea and which is formed of calcium 
carbonate by the action of organisms chiefly corals^ (Vaughan, 1917.) 
Coral reefs are usually considered to be of three sorts: fringing ree fs, 
barrier reef s, and atolls. fringing reef extends from the shore a few 
feet to 34 mile out and consists of the reef edge or front where the most 
active coral growth occurs and a slightly lower more or less flat surface, 
the reef flat, between the front and the shore, composed largely of coral 
sand and mud, dead coral, and other debris, and partly of living coral 
colonies and other animals. / A barrier reef is the same as a fringing reef, 
with a reef front and a flat 20 to 1000 feet wide, but it is separated from 
the land by a lagoon 60 to 300 feet deep and to 10 miles or more in 
width. The most noted barrier reef is the Great Barrier Reef off the 
northeast coast of Australia, which is over 1200 miles long and in some 
places 90 miles from the shore. An atoll i s a more or le ss circular or 
horseshoe-shaped reef not enclosing any island but encircling a lagoon, 
which varies from less than a mile to 40 or 50 miles across,) None of 
the reef types is to be thought of as constituting a continuous wall 
like a man-made breakwater; but is broken up into many reefs and islands 
by passages, the larger of which often represent “drowned” valleys, 
valleys sunk below the sea by land subsidence or rise in sea level. The 
lagoons usually contain inner islands, reefs, etc. The flats are more or 
less exposed at the lowest tides. The reef front is subject to continuous 
surf, the incessant booming of which is a characteristic feature of coral 
islands; the surf knocks off boulders and fragments of the reef and heaves 
them up on the flat behind the reef edge. The reef front usually slopes 
at first but after a couple of hundred feet may descend steeply to great 
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depths, although this is not necessarily the case. The lagoon floor m 
composed largely of coral sand, mud, skeletons of corals and other 
organism;, and various debris; but in places, especially near the p flew np***, 
it supports a rich growth of the more fragile, slender, branching types of 

corals, which together with other animals make up the coral beds so 
admired by naturalists. 

Since the present reef-building corals do not grow below 150 feet at 
the outside and since geological evidence indicates that those of past ages 
were also littoral in their habits, it becomes necessary to explain the great 



Pig. 202. — Scene in the Great Barrier Beef, Australia, at low tide, showing expend 
corals. ( RepkotograpKed by American Museum of Natural Hittcry from SamOe-Kcmt, 
The Great Barrier Reef of Australia, 1893.) The conspicuous corals are a species of Aero- 

pora (— Madrepore). 

vertical thickness often attained by coral reefs. Many theories have been 
propounded, of which the following are the chief ones: ) 
r 1. Dar\fin-Dana Subsidence Theory. — Reefs begur as fr ingin g reefs 
on a sloping shore ; by subsidence of the shore they become barrier reefs 
with water between them and the land; and if the land is an island and 
sinks completely out of sight, the barrier reef becomes an atolL This 
theory grew out of Darwin's observations on coral formations when as a 
young man in his twenties he spent 5 years as a naturalist aboard the 

ship ■‘Beagle.” , , 

2 Semper- Murray Solution Theory.— Sir John Murray was the ctad 

biologist on the - Challenger,” the British ship that from 1874 to im 
:,r.A fho ns in an extensive exploration of the conditions and 
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life in the sea. Murray proposed that corals grow on high summit? of 
the ocean bottom when these have been built up to the. right e\ e 0 
iiments and that barrier reefs and atolls result from the better growth 
of corals at the edge and through solution of the tuner coral rock. Thu 

theory is now completely discarded. 

3 Submerged Bank Theory.-Oxx this theory, supported by man} 
recent students of the problem, coral formations grow on flat preexisting 

surfaces, during or after the submergence of such sun aces. 

ATDaly Glacial-control Theory . — During the last glacial period, 
^^abstraction of water from the ocean to form the great ice caps is 
believed to have lowered the ocean level 60 to 70 m. below the present 
surface. Wave action cut out on shores and below the surface flat 
platforms suitable for coral growth, then inhibited by the low tempera- 
tures. As the ice melted and temperatures rose, corals began to grow 
upon these platforms and kept pace with the rising ocean level. This 
theory accounts for the very uniform depth of coral lagoons, whose bot- 
toms, below the debris since deposited, would consist of the platforms 

cut when the ocean stood at its low level. 

Theories 3 and 4, which supplement each other, are at present most 
favored by students of the problem, although Darwin's idea still finds 
much support. Several lines of evidence attest that most coral reefs 
today are growing on submerged land: the drowned valleys already 
mentioned, submersed cliffs that could have been cut only on land, 
and the eroded surface of the substratum on which many recent and 
fossil reefs can be observed to rest. The submergence theory agrees wit h 
Darwin’s subsidence theory in that both consider the reef foundations 
to be now at greater depths than they were when the coral growth began : 
but the submergence theory does not admit any relationship between 
the various kinds of reefs, postulating that both barrier reefs and atolls 
have grown up on preexisting flattish platforms. Atolls are considered 
to have been shaped by prevailing winds and currents. 

The rate of coral growth is of much interest in connection with 
these theories. Observation of living corals shows the rate to be 
extremely variable from unknown causes. The rate varies from 5 mm. 
per year for slow-growing massive types, which increase in all diameters 
simultaneously, to 10 to 20 cm. or more per year for the faster growing 
branching sorts, which increase in length mainly at the tips. At these 
rates Vaughan estimates that a reef 50 m. deep could be formed in 
1000 to 7600 years and that all the reefs now known could have been 
built in 10,000 to 30,000 years. 

Attempts have been made to solve the problem of reef formation 
by boringa, of which the deepest one was made in 1904 on Funafuti 
Atoll in the South Pacific north of Fiji by a special expedition sent by 
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ous stage which however certainly differs from anything seen m t.n 
development of present Zoantharia. The later septa t metasept, 
develop in four places: to each side of the main septum and to each sid 
of the counter septum (Fig. 203G, H). At first the metasepta take 
very' oblique position but later tend to become more radial, and all < 
them shift toward the counter septum. A depression medial to the muc 
shortened main septum may indicate the presence of a stphonoglypl 



3 2 3 

Fig. 203. — The extinct Rugosa. A. A rugose coral. Znphrentis, irom the outside, sho 
ing the main and one of the lateral septa. B . Diagrammatic view of the arrangement 
the 9epta of the same specimen shown in A. C-H. Diagrams of the order of appearance 
the septa in the Rugosa ( after Carruthcrs, 1906): C, appearance of the primary septum: 
formation of the second or lateral septa; E , appearance of septa alongside the coun 
septum; F, later stage of E : G, primary septum has separated into the mam and coun 
septa; new septa are arising in four regions; H, additional septa have formed in the fc 
regions; all the septa move toward the counter septum. 1, main septum; 2, coun 
septum; 3, lateral septum; 4, regions of formation of new septa: 5, columella. 


Most of the Tetracoralla were solitary, shaped like a curved comucof 
(Fig. 203-4), with a ridged surface (hence the name Rugosa or rugc 
corals often applied to the group); important genera of this type a 
Zaphrertis (Fig. 203.4, B) } Cyathaxonia , Streptelasma , and Omphyrr 
Others such as Cyathophyllum and Lonsdaleia were colonial, massi 
with contiguous thecae or bushy and branched with separate eu] 
The Tetracoralla formed great coral reefs in the upper Silurian and t 
Devonian strata of Europe, North America, and elsewhere. The fa 
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of the Ohio River at Louisville, Ky., are caused by a Devonian tetracoral- 
line reef. 

The order Madreporaria began in the Triassic and became very 
rich in species in the Upper Jurassic, Cretaceous, and Lower Tertiary. 
Many well-known living genera have a long fossil history, as OibialUi 
and Fatria, which began in the Jurassic, Caryophylha and Flabdlurn , 
dating back to the Cretaceous, and Acropora, F ungia , Senatopora, 
PociUapora, and Galaxea , originating in the Tertiary. These madrepores 
formed fringing and barrier reefs, but no atolls, under much the same 
conditions as they do today, in littoral waters on preexisting substrata, 
but apparently did not require such warm temperatures. 

8. Order Zoanthidea. — The zoanthids are a small group of mostly 
colonial, sometimes solitary, forms, without skeleton, resembling small 
inemones (Fig. 204.4). A pedal disk is absent, and the aboral end of 
solitary species is stalked or wedge-shaped. In colonial types the polyps 
ire united, as in the Alcyonaria, by basal stolons containing solonia, or 
>y a thin basal coenenchyme (Fig. 204.4) or by a thick coenenchymc 
rom which only the oral ends protrude. The column wall is divided 
nto scapus and capitulum, is usually without special structures except 
ubercles of thickened mesogloea in Isaurus , and is often encrusted with 
land grains, sponge spicules, foraminiferal shells, etc., embedded in the 
mrface. The oral disk bears a marginal circlet of unbranched tentacles 
insisting of an exocoelic and an endocoelic cycle. The mouth is 

>val or slit-like and the pharynx laterally flattened with a single ventral 
iphonoglyph. 

The septal arrangement differs from that of any other living Anthozoa 
>ut somewhat resembles that of the extinct Tetracoralla. The septa 
\ie paired and coupled and occur in a single cycle, composed of macro- 
epta and microsepta (Fig. 204B, C). There are two pairs of directive* 
nth external retractors, but the dorsal directives are microsepta (Fig. 
MB, C), i.e., do not reach the pharynx. In most of the zoanthids. the 
►ther septa show the brachycnemous arrangement, i.e., they all form pairs 
omposed of one macroseptum and one microseptum, with retractors 
acing the endocoels (Fig. 204 C). Such forms possess only one pair of 
omplete septa, the ventral directives. Some genera of zoanthids are, 
towever, i.e., the fourth and fifth septa on each side 
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minting tram the dorsal directives down are both macrosepta and form \ 
•i’ macrosepta on each side (Fig. 2045) so that such genera have thre< 
pa.rs of macrosepta. New septa in zoanthids arise exclusively in th< 
c-xocoels to either side of the ventral directives, whereas in anemone 
and corals they form anywhere around the circumference. It shouk 
be recalled that in the Tetracoralla also these two places were region 
of septal formation. Altogether the septal conditions in the zoanthid 
are highly bilateral. 

The column epidermis is usually covered with a thick cuticle an< 
in many zoanthids is divided up into polygonal areas or groups of cell 
by cutic-ular or mesogloeal strands, which run to the cuticle and ma; 
spread out between cuticle and epidermis as a subcuticular layer. Th 
thick gelatinous mesogloea contains some 'fibers and cells and usually als< 
a complicated network of canals, apparently of epidermal origin, whicl 
course mostly in a radial direction from epidermis to gastrodermis. 1 
space, the ring sinus, extending throughout the column next to th 
gastrodermis and connected with this canal system may also be present 
The function of these spaces is unknown. The septal filaments occu 
only on the macrosepta and as in anemones are provided in their uppe 
portions with flagellated bands; these project out like wings (Fig. 2045 
and may be very broad. Zooxanthellae are present not only in th 
gastrodermis but in the mesogloeal canals and epidermis. The muscula 
svstem is poorly developed, especially in the basal region, with diffus 
retractors. A column sphincter is generally present, diffuse and entc 
dermal or of the mesogloeal type. Little is known of the nervous systen 

The nematocysts of the zoanthids are similar to those of othe 
zoantharians, consisting of spiroej^sts on tentacles and oral disk, an 

holotrichous isorhizas and microbasic mastigophores. 

The zoanthids are chiefly dioecious, but some genera are also herms 
phroditic. Gonads are limited to the macrosepta except in Palaeou 
anihu*. The complete development has not been described for an 
zoanthid. but the pelagic larvae, known from their discoverer as Semper 
fanw. have often been taken in the plankton. They are of two type* 
the Zoardhina larva (Fig. 204F, G), oval with a girdle of particularl 
lone cilia near the oral pole, and the ZoaniheUa larva (Fig. 2045), eloi 
ted with a ventral band of very long cilia. The septa apparent 

develop in the following order: a lateral couple, the J ent 

then a dorsolateral couple, making six macrosepta ( Fl g^204fl> koi 

microsepta then appear, completing the lateral parrs 
lowed by the two microsepta that form the dorsal directives (Frg. 204* 
after all septa develop in the exocoels lateral to t e \ 

This development is obviously similar to that of anemone 
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to the 12-septal condition. In some, a ciliated larval staf 
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is omitted and the young develop inside the parent to a stage with It. 
septa. 

The Zoanthidea inhabit both littoral and deeper ocean waters ami 
range from the tropics to quite cold latitudes but are more abundant in 
svarm shallow waters. They include solitary forms, whose lower ends 
ire thrust into the substratum, colonies of a few polyps, and large 
colonies with many polyps. Some colonial types, like Palythoa, grow 
ipon inert objects as flat, concave, convex, or mushroom-shaped rnem- 
iranous expansions, their form following the shape of the substratum, 
Vlost genera, however, such as Epizoanlhus, Parazoanthus, Zoanthus, 
\sozoanthus, are epizoic, i.c., habitually grow on other animals, such as 
iponges, hydroids, corals, gorgonians, bryozoans, worm tubes, and shells 
nhabited by hermit crabs. Some of these associations are very specific; 
;hus, certain species of Epizoanlhus occur only on particular hexaetiriellid 
iponges, and other species of this genus are addicted to shells occupied by 
lermit crabs. The coenenchyme enwraps the shell, dissolves it away, 
ind comes eventually to enclose the crab directly, being then termed 
arcinoecium (Fig. 205.4). Zoanthid polyps are generally small, a few 
nillimeters to a few centimeters in height, but the solitary Isozoanlhus 
nganteus may reach a length of 19 cm. 

9. Order Antipatharia, the black or thorny corals. The Antipatharia 
or Antipathidea) form slender branching, plant-like colonies (Fig. 
1055) which, like the gorgonians, consist of a skeletal axis covered by a 
bin coenenchyme bearing polyps. The lower end of the colony usually 
onsists of a flattened basal plate adherent to some firm object but is 
ometimes simply thrust into the substratum. From this arises a main 
tern that may give off a number of slender unbranched stems (Stichn- 
1 athes) but more commonly breaks up into branches in a plant-likc 
aanner. Some have a “bottle-brush” appearance, consisting of a main 
tem with numerous short lateral branches (Parantipathes). The jx>l- 
ps may be close or distant, strewn over the colony or limited to one 
urface of the branches (Fig. 205(7, //), and are oriented at right angles 
o the length of the branch. They are of short cylindrical form, project- 
ig but little above the general coenenchyme and have a circlet of six 


imple nonretractile tentacles (Fig. 205(7), except in Dendrobrachia (Fig. 
055), which possesses eight retractile pinnate tentacles. In some 
enera as Schizopathes and Bathypathes (Fig. 205//), the polyps are 
rawn out along the branches so as to appear divided into three projee- 
ons each with two tentacles. The tentacles are covered with numerous 
arts of nematocysts. The nematocysts (Tischbierek, 1936) resemble 
lose of anemones, consisting of basitrichous isorhizas and microbasic 
xastigophores, besides the usual spirocysts. 
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The skeletal axis is brown or black in color and is prove c< \u 
thorns (Fig. 205F, H), whence the common name of black or thorny 
corals; the thorns are usually simple elevations but are sometimes 
branched or beset with papillae. The axis is composed of concentric 
cylinders of a horn-like material and may or may not have a centra 
spongy canal. The thorns are formed by an outward bulge of the con- 
centric layers. The axis is too poor in sulphur to classify as true horn 
(keratin) but closely resembles gorgonin chemically and like this sub- 
stance often contains iodine and bromine. 

The elongated mouth, situated on a conical elevation, leads into a 

pharynx provided with two slightly different iated siphonoglyphs. There 
are 6, 10, or 12 complete single septa, usually 10, (Fig. 205C, D), arranged 
in couples, six of which are considered to be primary, the rest (when 
present) secondary. The primary six consist of a pair attached to each 
siphonoglyph and a couple in the transverse plane; the latter are the 
argest septa in the body and ordinarily the only ones bearing filaments 
and gonads. To these six septa may be added one or two short couples 
close to the couples at the siphonoglyphs. The six tentacles are exten- 
sions of the interseptal spaces between the six primary septa. The 
septal musculature is weakly developed, and in most species definite 
retractors are lacking so that comparison with other anthozoans is 
difficult; but in a few cases von Pesch claims to have determined the 
retractor arrangement and describes two types (Fig. 205C\ D). The 
septal filaments, well-developed only on the transverse couple, consist 
>nly of the cnidoglandular band, thickly strewn with both types of gland 
cells. The “dorsal” siphonoglyph continues below the pharynx along the 
septal edges as the hyposulculus . The gastrovascular cavities of the 
polyps are connected by passages near the skeleton, but such connections 
ire often much narrowed by interzooidal septa between the polyps. 

The histology resembles that of anemones except that the mesogloea 
s reduced to a thin homogeneous layer without or but scantily provided 
frith cells. The musculature is greatly reduced; longitudinal epidermal 
ibers occur in the tentacles and to a less extent in the body wall and 
pharynx; circular gastrodermal fibers are mostly absent. The general 
sody surface is ciliated, the beat directed toward the mouth. 

The polyps are dioecious, but colonies may be hermaphroditic. 
Nothing is known of the development. 

The Antipathana are typically animals of the deeper and abyssal 
waters of the ocean, from 100 m. down, and are most abundant in tropical 
uad subtropical zones. They are known chiefly as preserved specimens 
ibtained on dredging expeditions, and therefore our ignorance of their 
?mbryology and biology is not surprising. The colonies vary in height 
rom a few centimeters to 2 or 3 m. Like other sessile animals, they often 
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Flo. 206. — Ceriantharia. A. Cerianlkus, preserved. B. Section through the —it 
ibcnring pharynx and septa. C. Piece of body wail of A. below the pharynx, showing one 
piartette of septa. D. Young cerianthid larva, Araehnadu. { After son Beneden, 1891 ) 

a g anan< * u f? larT “ F - Lfteratage of Arachnaetie larva. (B and P, after Careen. 1924.) 
?. Vroee section of larva like D. showing first couple and four tentacle buds. (After mn 

“IT’V 1881 '2 *• or *> tentacles; 2, marginal tentacles; 3. siphonoglyph; 4. longitudinal 

amsele layer; 5, nerve net, 6, epidermis; 7, septal filament; 8, gastrodermis ; 9, youngest 




0<5U 


ItiE INVERTEBRATES: PROTOZOA 


THROUGH CTENOPHOkA 


All the septa except the directives commonly bear filaments which 

as in anemones are trifid above, with cnidoglandular and flagellated 

bauds, and simple below without the flagellated bands (Fig 206 C) In 

the trifid portion, which is longer on the fertile septa, only spirocysts 

occur; below the trifid portion there is usually a much convoluted stretch 

of filament containing regular nematocysts. The latter are of three sorts 

in the Ceriantharia : holotrichous and atrichous isorhizas and microbasic 

mastigophores. The low er parts of the septa may bear simple or branched 

acontia-like threads, the acontioids , which contain many mucous gland 

cells but no nematocysts, and seem to serve adhesive functions. In some 

cases, chiefly larval forms, the septal filaments bear clusters of rounded 

projections full of nematocysts; the clusters are called bolrucnids, the 

projections cnidorhagi (Fig. 207 C). CeHanthus lacks both acontioids 
and botrucnids. 


The distinguishing histological feature of the cerianthids is the pre- 
sence throughout the column of a well-developed longitudinal epidermal 
muscle layer (Fig. 206C) and a subepidermal nerve plexus. The muscle 
fibers are independent of the epidermis and are borne on longitudinal 
folds of mesogloea. There is also a thin layer of gastrodermal circular 
muscles in the column wall, but a sphincter is lacking. The mesogloea is 
a thin homogeneous layer with no or few cells. As already noted the 
septal musculature is weak and consists of transverse fibers on both faces 
and longitudinal fibers, w'hich form no trace of a retractor, on the ventral 
face. The high contractility of these animals thus resides in the column 
wall. 

The gonads form bands on the odd-numbered metasepta, counting the 
first metaseptal couple as 1. The cerianthids appear to be protandrous 
hermaphrodites. A connected account of the development is lacking 
but the larvae are pelagic, have been frequently collected in plankton 
expeditions, and have been much studied by Carlgren, van Beneden, and 
others. They are oval to elongated larvae with a flagellated ectoderm 
and with first a circlet of marginal tentacles, later also a circlet of 
oral tentacles (Fig. 206 D-F). They float with the mouth upward, 
the tentacles spread as a floating device, and can also swim by flapping the 
tentacles. They all pass through a cerinula stage provided with the three 
couples of protosepta, although the order of development of these couples 
is not certainly knowm (Figs. 206G, 207A). Thereafter metaseptal 
couples appear, each successive couple being formed between the two 
septa of the preceding couple. After having developed many septa 
and tentacles, the larvae gradually sink toward the bottom, and even- 

♦ ually take up life as bottom-dwelling animals. 

The cerianthids live in vertical cylindrical cavities in the sea bottom 
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anthozoans depends upon water intake by way of the siphonoglyph. 
Cerianthus is markedly negative to gravity, soon resu min g an upright 
position when displaced from it; is strongly thigmotactic, exhibiting rest- 
lessness unless the body is in contact with some object; and is more or 
less negative to light, drawing down into its tube in direct sunlight but 
turning the oral end toward weak light. Cerianthus has considerable 
powers of regeneration in oral regions, but the ability to form a new oral 
disk with tentacles declines aborally and is altogether absent in the most 
aboral pieces (Child). The edges of a lateral cut that includes the 
pharynx fuse with the pharyngeal edges to form a mouth and grow out 
into a “head” with oral disk, mouth, and tentacles (Fig. 207 D). Cuts 
below the pharynx yield a similar outgrowth, which, however, lacks a 
mouth. Regeneration is inhibited or retarded if distension of the pieces 
with water is prevented by making an opening in them. 

The cerianthids have a wide distribution but most species inhabit 
tropical and subtropical waters. They range from shallow to quite deep 
waters. The length varies from a few to 35 cm., but the tubes may 
reach a length of 1 m. Cerianthus membranaceus, an inhabitant of the 
Mediterranean, is a favorite aquarium animal in European aquaria and 
has been known to live under such conditions for 10 to 40 years. 

A considerable number of genera of cerianthids have been named, 
such as Arachnanthus, Arachnactis (Fig. 206F), Ovactis , Anactinia, 
Pachycerianthus, A piaclis, Botrucnidifer, Botruanthus, Cerianthula (Fig. 
206E), Calpanthula, and similar names; but most of these are known only 
from the pelagic larvae, and in no case has the complete life cycle been 

determined. 


Vm. GENERAL AND PHYLOGENETIC CONSIDERATIONS 

The coelenterates are co mm only regarded as the nearest living repre- 
sentatives of the ancestral stock of all the other eumetozoan groups. 
This opinion rests upon their gastrula-like construction and general low 
grade of organization marked by the absence of anus, coelom, true 
mesoderm, and organ systems. They are at the tissue grade of con- 
struction, a stage through which all higher forms must necessarily pass. 
They possess all the import ant types of cells seen in higher animals and 
increase in complexity becomes primarily a matter of the aggregation o 
these various sorts of cells into organs and systems. The ectoderm 
and entoderm of the Cnidaria already display that differentiation for 

surface-protective-sensory and digestive-absorptive functions, respec- 
tively which characterize them throughout the animal kingdom. 1 
differentiation has not proceeded very far, since these two layers are 
amazingly similar in general appearance and cell types present. N 
theless the functional divergence appears to be fixed, since, as shown by 
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experiments in turning hydras inside out, the two layers are not inter- 
changeable If the hydras remain turned, epidermal and gastroderm.il 
cells wander past each other through the mesogloea and resume their 
original relations (old experiments recently verified by Roudabu'h;. 
Nor is either epidermis or gastrodermis alone capable of regenerating a 

hydra (Pappenfuss and Bodenham, 1939). 

The question of the diploblastic nature of the radiate phyla (Cnidaria. 

Ctenophora) was discussed in Chap. H . Thp author considers that the 
radiate and bilateral phyla should no longer be distinguished on the basb 
of the alleged absence of a mesodeim in the former and should not be 
offset against each other as diploblastic and triploblastic groups, respec- 
tively. From a morphological point of view, shorn of phylogenetic- 
theory, no actual difference exists between the construction of a sea 
anemone and a planarian, as regards general body layers. The differ- 
ence, if one must be set up, appears to he in the pure mesenchymal 
nature of the “mesoderm” of the radiate phyla and its indefinite mode of 
formation by inwandering of ectoderm cells 'also entoderm cells in some 
coelenterates). Nor is it correct to say that the mesenchyme of the 
Radiata appears late in ontogeny, since in many cases we know that it 
begins imm ediately after entoderm differentiation; but apparently it may 
continue to arise throughout life. In the coelenterates the mesenchyme 
never forms anything but various types of connective tissue, as this 
phylum is characterized by the ectodermal and entodermal origin of its 
muscles. 

The muscular system of the Cnidaria. composed of longitudinal and 
circular muscle cylinders, is the most generalized to be found among the 
Eumetazoa and constitutes the type plan from which the higher muscular 
systems are derivable. That the muscle fibers begin in coelenterates a- 
parts of epithelial cells is also commonly regarded as a primitive character, 
but this interpretation seems rather doubtful since the muscle cells of 
sponges and of higher forms do not pass through such a stage; aud the 
condition may be merely the consequence of the fact that in coelenterates, 
in the absence of a typical mesoderm, the muscles necessarily develop 
from differentiated epithelia. In all Eumetazoa above Cnidaria, muscle 
cells arise by the direct transformation of mesoderm cells. 

The nervous system is also in a primitive stage of organization, con- 
sisting of a diffuse, unpolarized plexus with ganglion cells strewed 
throughout and without true nerves (i.e., bundles composed only of 
neurites). The process of concentration of the ganglion cells into a 
central nervous system with the neurites passing outside as nerves has 
barely begun in the coelenterates. The nervous system of coelenterates 
also differs from that of all other Eumetazoa in that it apparently origi- 
nates from interstitial cells, which classify as a kind of mesenchyme, and 
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ot from the ectoderm, the usual source in Eumetazoa. The high 
egree of development, of sense organs in medusae is worthy of note 

Concerning the origin of the Cnidaria, nothing definite can be said, 
t seems unavoidable to assume that they come from a gastraea type of 
rganism, a ciliated (or flagellated?), polarized, free-swimming animal 
dth an outer ectoderm and inner entoderm. Such an ancestry is strongly 
idicated by the occurrence throughout the phylum of the planula larva, 
e., a stereogastrula. The fact that the entoderm of the planula is 
eldom formed by invagination and mostly by some sort of delamination 
as been puzzling to phylogeneticists who adhere to the Haeckelian 
avaginate gastrula as the prototype of all the Metazoa. It has already 
ieen argued (page 250) that a mouthless stereogastrula might well have 
ieen the next stage after the blastula and may be represented in the 
oelenterate planula. Such an organism fed on minute prey that was 
tassed to the interior mesenchymal cells for digestion, a method seen in 
ponges and not entirely abandoned by coelenterates (page 534). A 
nouth and archenteron might next have developed by rearrangement 
if entoderm cells if the stereogastrula took to feeding on the bottom, a 
tabit generally assumed by phylogeneticists. The presence of a sensory 
enter at the aboral pole may also be postulated, since many planulae 
how a greater development of nervous tissue at this pole than elsewhere, 
tnd some trachyline and anemone larvae bear an aboral tuft of sensory 
ilia. We thus picture as the remote eumetazoan ancestor a small 
ounded bottom-feeding organism with a ciliated surface, mouth, archen- 
eron, and aboral sense organ. There were probably some mesenchyme 
sells of ectodermal origin between ectoderm and entoderm, and the 
irchenteron may have had lateral pockets in which the sex cells ripened. 
5uch a hypothetical organism has been named by Naef a metagastraea. 

It is generally surmised that the coelenterate stock arose from the 
;astraea by the attachment of the latter at the aboral pole and its 
levelopment into a hydra-like polyp (archhydra of Haeckel). This by 
isexual budding gave rise to hydroid colonies, which through division 
>f labor became polymorphic; and some polyps were modified into 
nedusae specialized for sexual reproduction and a pelagic life, to which 
node of existence they owe their higher organization. This phylogenetic 
icheme places the Hydroida nearest the ancestral stock. This point 
>f view raises many difficulties. It presents the curious spectacle of a 
ower type evolving into a higher type and continuing to exist simul- 
aneously with it as part of its life cycle. Furthermore, no stages in this 
Drocess are known, since all specialists on the Hydroida agree that the 
?tem form of the Hydroida had already a fully developed alternation of 
renerations. As remarked by Brooks, sessile animals are usually 
aermaphroditic, and the separation of the sexes in the Hydroida suggests 
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The contrary theory, that the ancestral coelcnterate was a primitive 
medusa, therefore seems more acceptable. This could readily have 
developed from the metagastraea by putting forth tentacles and when 
thus armed for food capture would not have been limited to a bottom 
habitat. This primitive medusa seems still to be represented in the 
actinula larva of the Trachylina and, as long ago suggested by Brooks, 
the ontogeny of this group appears to repeat more nearly than that of 
other coelenterates the phylogenetic history. The trachyline medusae 
are thus the nearest of the hydrozoan groups to the stem line*, although 
the present representatives must be regarded as somewhat specialized. 
At first in the Trachylina, the actinula larva develops directly into the 
adult medusa; then it gets the habit of budding off other actinulae larvae 
before completing its development; and finally as in Microhydra attaches 
and gives rise to small colonies, which bud off the adult medusae. All 
that is needed to produce a typical hydroid colony with alternation of 
generations is further development of the polypoid stage*. The* hydroid 
colony thus represents a persistent larval state. The occurrence in the 
Trachylina of but one kind of nematocyst is a primitive character; while 
the scalloped margin, gastric pockets, and tentaculocysts suggest the 
Seyphozoa. 

According to Kuhn, the stem form of the Hydroida must have had 
a small, unspecialized hydroid stage and a fully developed medusa stage. 
The life cycle of many Trachylina fits these requirements. From such 
a type, the athecate and thecate hydroids are believed to have diverged 
independently, and in the former group evolution proceeded in the 
direction from indefinite to definite tentacle arrangement. Thus in the 
athecate hydroids, Kuhn recognizes two lines of evolution: first, from 
Coryne with strewn capitate tentacles through Pennaria with the 
proximal tentacles arranged in a circlet to the tubularians with tin* ten- 
tacles, now all filiform, limited to distal and proximal circlets; and, 
3econd, from Clava with strewn filiform tentacles through Bougatnvtllia 
to Eudendrium with a single circle. The thecate hydroids, arising inde- 
pendently of the Athecata, start with forms like Campanulina , with 
sympodial growth and vase-like thecae on stalks and lead to the 'sort u- 

iarians and plumularians with sessile bilateral thecae and derived types of 
colony growth. 

Once established, the hydroid and medusan stages, owing to their 
iifferent modes of life, could evolve along independent lines, with the 
•esult that similar hydroids may have quite dissimilar medusae and vice 
i/ersa. The different types of sessile gonophorcs found among the 
dydroida are now universally regarded as degenerated medusae 
rhe affinities of the fresh-water hydras are fairly evident. The hydras 
vere formerly regarded as primitive coelenterates, but their high degree 
>f histological differentiation and possession of four kinds of nematoevsts 
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tageous character, since increase in size from the more generalized to the 
more specialized members of a group is a common phenomenon. In 
forms like coelenterates with intracellular digestion, and no circulatory 
or respiratory systems, increase in size entails the invention of devices 
for insuring proper distribution of food and respiratory gases. Increase 
in size of the polyp stage interferes with proper contact of the food with 
the entoderm for intracellular digestion, and the projecting septa may be 
a device to meet this difficulty. The food cannot escape contact with the 
septal edges, which are known to specialize in extracellular digestion, 
aided by devices, such as the gastric filaments, for increasing the number 
of gland cells. In adult Scyphozoa, compensation for increased size is 
seen in the greater complexity of the gastrovaseular system, which is the 
seat of currents for distributing food and respiratory gases, and in 
the substitution of the strong coronal muscle (derived from the sub- 
umbrellar fibers of hydromedusae) for the velum, a swimming organ 
suitable only for s mall forms. 

The Stauromedusae were long regarded as ancestral to the other 
scyphozoan orders because of their polypoid characters; but these char- 
acters lose significance if the coelenterate stem form was a medusa. It 
seems more probable that the Stauromedusae represent a state of arrested 
development, a permanent post-larval stage, in which the oral end begins 
the process of alteration into a medusa but fails to complete the differenti- 
ation or to constrict off a free adult form. This accounts for the lack of 
rhopalia also. The very typical construction of the scyphistoma larva 
of the Stauromedusae indicates that this group, although not in the direct 
line of evolution of the higher scyphozoan orders, must be close to that 
line. The Cubomedusae are apparently the most primitive existing adult 
seyphozoans, as shown by their tetramerous symmetry and possession of 
fully developed septa, gastric pockets, subumbrellar funnels, rhopalia. and 
a marginal nerve ring. But it is difficult to relate them to the higher 
orders, and lack of knowledge of their development hinders their evalua- 
tion. The same may be said of the Coronatae, which seem, however, to 
be more nearly in the direct line of scyphozoan ascent. The Semae- 
ostomeae and Rhizostomeae are clearly derived forms which in the adult 
have lost the septa, gastric pockets, and funnels and have specialized 
in the elongation of the mouth frills. The rhizostomes have obviously 

come from the semaeostomes by fusion of the mouth frills and loss of 
tentacles. 

The tendency seen in various coelenterate groups toward emphasis 
af the polypoid stage, originally a larval stage, reaches its climax in 
the Anthozoa, where all trace of the medusa is lacking. The resemblance 
“ f .the scyphistoma larva to the anthozoan polyp was early noted and 
led many to postulate a common stem for the Scyphozoa and the 
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Vnthozoa. The septa are certainly entirely homologous in the two 
;roups; the gastric and septal filaments probably correspond; in both, 
he gonads are borne on the septa, and the septa have retractor muscles, 
dthough these originate differently in the two groups; but one resem- 
)lance formerly postulated must now be withdrawn, since we know the 
'Cyphistoma has no stomodaeum. In addition, the gap between the 
etramerous radial symmetry of the scyphistoma and the octomerous 
^lateral symmetry of the Anthozoa is difficult to bridge. Perhaps we 
nay conclude that the scyphistoma and ancestral anthozoan have 
solved along similar lines but are only remotely related. The sig- 
lificance of the septa may be explained on the same basis as above, as 
levices for increasing the amount of surface available for the secretion 
)f digestive enzymes and for intracellular digestion. The Anthozoa 
lave also met the necessity for a respiratory mechanism, when size 
ncreases, by means of the siphonoglyphs, whose formation may explain 
:hc elongation of the mouth and thereby the appearance of bilateral 
symmetry in the group. 

As regards relationships within the Anthozoa, three lines of evolu- 
tion are usually recognized: the antipatharian-cerianthid line, the 
ilcyonarian line, and the zooanthid-anemone-coral group. Colony 
formation and skeleton production apparently arose independently 
many times within the Anthozoa, and their occurrence cannot be regarded 
as indicative of relationship. Formerly considered as degenerate antho- 
zoans, the Antipatharia are now regarded as the most primitive living 
Anthozoa, and the remains of a very old group related to the cerianthids. 
Among their primitive characters are the simple arrangement of the 
septa and tentacles, the lack of special musculature, the lack of differ- 
entiation of the mesogloea, the slight development of the siphonoglyphs, 
which differ but little from the rest of the pharynx, and the absence of 
flagellated bands on the septal filaments. The relationship of the 
cerianthids to the Antipatharia is indicated by the strong resemblance 
of the cerinula larva to the latter; both have six septa in couples, of 
which the central tranverse couple is the largest, apparently the first 
formed, and the only fertile one of the three couples. Later the ceri- 
anthids diverge from the Antipatharia by the development of additional 
couples in the ventral interseptal space. Arguing from the primitive 
nature of the Antipatharia, some authors postulate as the ancestral 
anthozoan a small, solitary, skeletonless, weakly muscular polyp with 
six septa in couples and six simple tentacles. How this would be related 
to the tetramerous scyphistoma or the octomerous groups of Anthozoa 
is obscure; but it seems that the six septa represent the lateral couples 
and one pair of directives and would become eight by the addition of 

the other directives. 
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At any rate, it seems clear that the ancestor of the alcyonarian and 
zoant hid-anemone-cor al lines was a small skeletonless polyp, with weak 
musculature, eight single septa in couples, and eight tentacles. Such a 
form leads directly to the Alcyonacea in which group evolution proceeds 
from forms with polyps connected only by basal stolons to those with a 
coenenchyme. The Gorgonacea come from the Alcyonacea by way of 
forms in which the skeletal spicules aggregate into an axial skeleton ; and 

the Pennatulacea also derive from the Alcyonacea. 

The position of the zoanthids in the zoanthid-anemone-coral line is 
not at all clear, but the history of the anemone-coral group can be stated 
with some plausibility. The universal occurrence in this group of an 
Edwardda stage indicates as ancestor a Gonuctinm - like form, a small weak 
anthozoan, without basilar muscles, retractors, sphincters, or flagellated 
bands on the filaments, with a complete ectodermal muscle layer and 
nerve plexus, with weakly developed siphonoglyphs. and eight complete 
septa arising in successive couples. In the next stage four incomplete 
microsepta pair with the four complete lateral septa to give a 12-sept a 1 
stage. The Edwarddas remain permanently in this condition, and some 
workers derive the zoanthids at this point, since in them also the non- 
directive septal pairs consist of one maeroseptum and one microseptum. 
The microseptal state of the dorsal directives in zoanthids would then be 
considered a degenerative change. In the anemone-coral line, the 
Halcampoides stage follows, in which four incomplete septa become com- 
plete, making a total of six complete pairs and changing the symmetry 
from a bilateral to a biradial condition. Somewhere about this time, the 
line split into the anemones, specializing in strong musculature and 
siphonoglyph differentiation, and the stony corals, weak, sedentary' 
skeleton builders. Stephenson considers the madrepores readily deriv- 
able from two families of stichodactyline anemones, the Corallimorphidae 
and the Discosomidae. These may form sheet-like colonies by means of 
a basal coenenchyme, may reproduce by fission, are weak in musculature, 
with feeble or no retractors and sphincters, and no basilar muscles, have 
capitate or reduced tentacles, and lack siphonoglyphs and flagellated 
bands. 

Opinions differ as to the relation of the extinct Tetracoralla to the 
existing anthozoan groups. Some workers consider them directly 
ancestral to the Madreporaria, but it is more probable that the latter 
arose from the anemones, as stated above, and that skeleton production 
originated independently in the two groups of corals. The Tetracoralla 
pass through a stage with six sclerosepta, and this may relate them to the 
antipatharian-cerianthid fine and place them far back on the anthozoan 
stem. After the six-septal stage, new septa are added in the Tetra- 
coralla in four locations (see page 621), two of which are the same as 
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[lateral svmme r ry could have resulted only from a creeping habit and 
therefore derive the An t ho zo a from a creeping type. A third suggestion 
refers the biiaterality to the possible habit of primitive solitary anthozoans 
of lyine upon or being attached by one side, as we know to have been the 
case with many Tetraeoraiia. The most probable cause, however, of 
bilaterality is the elongation or the mouth, which in turn seems to have 
hanoered because of the necessity of providing an ingoing respiratory 
current when the size of the gas tro vascular cavity increased. A round 
mouth is obviously ill adapted for the maintenance of definite currents. 
If : ^ re wa . s primitively but one siphonoglyph. as was almost certainly the 
e . 3 condition of bilateral symmetry is already established. It also 
s probable that the stem form had three couples of septa, one at 
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each end of the elongated mouth, and a transverse couple. Why tin- 
retractor muscles should face outward on the septal couple attached to 
the siphonoglyph has not been answered but may result from the neces- 
sity of providing space in the endocoel for the folding up of the siphono- 
glyph on contraction. This retractor arrangement then augments the 
bilaterality of the organism. The six-septal state is retained in many 
Antipatharia and is seen in young tetracorals, larval eerianthids, and 
probably larval zoanthids. A fourth couple was then added, giving the 
eight-septal stage retained in the Alcyonaria and passed through as the 
Edwardsia stage by all anemones and stony corals. The later history is 
clear from the ontogeny of the anemone-coral group and consists in the 
change of the septal arrangement from a coupled to a paired condition. 
The original number of pairs was six ( Halcampa stage); but almost any 
number of additional pairs may be formed in various anemone groups. 
The pairing of the septa imposes a biradial symmetry upon the ancient 
bilateral symmetry. 
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external and an internal epithelium with a collenehyme bet 
ing amoebocytes, connective-tissue fibers, and muscle cells differentiated 
directly from mesenchyme cells. The symmetry is always very definitely 
of the biradial type. The most distinguishing external feature is the 
presence on the surface of eight meridional rows of ciliary plates. Nerna- 
tocysts are wholly absent. Tentacles are often present in a biradial 
arrangement, provided in place of nematocysts with adhesive cells. All 
the systems remain at the tissue grade of construction except for indica- 
tions of genital ducts in some forms. The digestive system as in coe- 
lenterates is essentially an epithelial sac but is provided with a large 
stomodaeum and branches extensively through the collenehyme. Mus- 
cles as already noted are independent fibers often showing some aggrega- 
tion into bundles. The nervous system is similar to that of coelenterates, 
consisting of a subepidermal plexus concentrated into eight strands 
beneath the plate rows. Skeleton and excretory systems are absent. 
The gonads arise in the walls of the digestive canals. Development is of 
the mosaic type, very different from that of coelenterates, a planula larva 
is lacking (one possible exception), and a very distinctive larval type, 
the cydippid larva, resembling the primitive genera of ctenophores, is of 
general occurrence. 

The ctenophores are exclusively marine, of planktonic habit, although 
some have become modified for a creeping existence. 


IL CLASSIFICATION OF THE PHYLUM 


are usually 


follows 


species 


Oass L Tentaculata. With tentacles. 

Order 1. Cvdippida (Cydippidea or Cydippea). Of simple rounded or oval 

form; gastro vascular branches ending blindly; with two branched tentacles retractile 
into sheaths. 

Order 2. Lobata. With two large oral lobes and four auricles; tentacles 
various, without sheaths; oral ends of gas tro vascular canals anastomosed. 

Order 3 Cestida (Cestidea or Cestoidea). Compressed in the tentacular 
planeto a band-like form; four of the plate rows rudimentary; two main tentacles 
reduced, sheaths present; two rows of small tentacles along the oral edge. 

. . 0rd ' fl r f- 5 a * yctenea - Aberrant ctenophores, compressed in the orol-aboral 
^ine to a flattened form creeping: with two tentacles and sheaths; comb rows may 
oe present in the larva only. J 

Class n. Nuda. Without tentacles. 

m J Bero ‘ da - Of form, with very wide mouth and pharynx 

meridional gastro vascular canals with niimomiio ' 


HL GENERAL MORPHOLOGY AND PHYSIOLOGY 

General Morphology.-The ctenophores, commonly called co 
or sea walnuts, are typically transparent gelatinous forms 
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moderate size and radiate construction. The ground plan of the group 
is best described with reference to its simpler, more generalized members, 
those belonging to the order Cydippida, including such genera as l J l< uro - 
brachia (Fig. 2094) and Hormiphora. The cydippids have a rounded, 
oval, egg-shaped, or pyriform gelatinous body, usually somewhat flattened 
in one plane so that the cross section is oval. One pole, the oral, bears 
in its center the mouth opening, while the opposite pole, the aboral or 
sensory pole, is occupied by a complicated sense organ of the nature of a 
statocyst (Fig. 210B). On the surface occur eight equally spaced 
meridional rows of little plates, which begin near the aboral pole and 
terminate before reaching the oral pole. Each plate is composed of a 
transverse band of long fused cilia (Fig. 209D) and hence from its appear- 
ance is termed a comb or ctene (whence the name Ctenophora, or comb 
bearers). The rows of combs are known as plate rows, comb rows, ribs, 
or costae. At opposite points on the surface between two comb rows is 
found a deep pouch, the tentacle sheath, to whose inner wall is fastened 
the tentacle base. The two tentacles are very long, very extensile, solid 
filaments bearing a row of lateral branches, and they can be completely 
retracted into the sheath. 


With these main external features in mind, the symmetry relations 
may now be defined. The parts are arranged with reference to the oral- 
aboral axis extending from mouth to statocyst. Some parts, such as the 
comb rows, appear radially disposed, but the presence of only two 
tentacles and tentacle sheaths at opposite points on the surface changes 
the symmetry to the biradial type, and as will appear shortly the branches 
of the gastro vascular system also follow the biradial plan (Figs. 209 li 
and 2104). In biradial symmetry, as explained in connection with 
anemones, the parts are arranged with reference to two vertical planes, a 
sagittal and a transverse. There has been no agreement as to which plane 
shall be called sagittal and which transverse in ctenophores; but on the 
whole it seems best to adhere to the terminology adopted for Anthozoa 
and term that plane sagittal (also called median and stomodaeal plane) 
in which the long axis of the flattened stomodaeum lies. The plane at 
nght angles to the sagittal plane bisects the tentacle sheaths symmetri- 
cally and is called the tentacular, transverse, or lateral plane. Two identical 
halves can be obtained by bisecting the animal along either the sagittal 
or the tentacular plane; but a sagittal half is not identical with a tenta- 
cular half. The plane across the body may be termed equatorial. None 
of the comb rows lies along the principal planes, but two occur in each 
of the quadrants formed by the intersection of the two principal planes 
These quadrants may be considered interradial and the comb rows 
adradial, borrowing the terminology used for medusae. The four comb 
rows ..toated near the two ends ot the sagittal plane are convenient 
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termed the subsagittal rows and the other four, near the ends of tie- ten- 
tacular plane, the subteniacular rows. 

The gastro vascular system ramifies throughout the thick mas.- <-i 
jelly (Fig. 210.4). The mouth, often elongated in the sagittal plan*-, 
leads into a tube, also much elongated sagit tally, hence flattened in 
tentacular plane, which was formerly called stomach but is known from 
embryology to be a stomodaeum or pharynx. Its much folded walLs appear 
to perform most of the work of digestion. It extends about two- thirds 
of the distance to the aboral pole and then opens by way of a short con- 
stricted portion, sometimes called esophagus, into a chamber, the true 
stomach, formerly termed infundibulum or funru.l. The stomach is 
entodermal and is flattened in the sagittal plane, it-., at right angles to 
the plane of flattening of the pharynx. From the stomach ari-e the 
canals of the gastro vascular system, which course in a very definite 
arrangement through the jelly. From the roof of the stomach an aboral 
or infundibular canal runs to the underside of the statoeyst where it 
gives off four so-called excretory canals, which extend to the aboral suriac.- 
terminating in little sacs or ampullae (Fig. 2000. Two of these, 
diagonally opposite, open on the surface by the so-called excretory p>:cts; 
the other two are blind. Since it is definitely known that these canals 
and pores serve for the ejection of indigestible matter, they will here be 
termed the anal canals and ports. They lie in the interradii. From its 
oral surface the stomach gives off a pair of pharyngeal or pa^agastnc 
canals, which run orally, one along each flattened surface of the pharynx, 
and terminate blindly near the mouth (Fig. 210.4). From each side of 
the stomach in the tentacular plane, a large transre-se canal an-- and 
proceeds horizontally as the tentacular canal, terminating blindly in the 
tentacular sheath; but before reaching the sheath each gives off on each 
side an interradial canal, which again bifurcates so that there are four 
branches in each tentacular half of the body (Jig. 209 Be Each of these 
eight canals proceeds to the inner side of a comb row. where it elongates 
orally and aborally into a curved meridional canal underiving the length 
of each comb row (Fig. 210.4). The biradial arrangement of the ga,t ro- 
vascular canals is a prominent feature of ctenophore morphology 

The sensory region at the aboral pole presents a number of details 
(Fig. 2l0fl, D). Its center is occupied by the statocvst . which has a con- 
cave floor of tall ciliated epidermal cells. From four points, interradiallv 
located in this sensory floor, four very long 3-shaped tufts of cilia termed 
balancers, project upward and meet to support a rounded of ca j_ 

careous spheruies which constitute the statolith. The whole b cnelo-rd 
as m a bell jar by a transparent dome, the cupult or Ml. which — \ M , 

flTr^e HtT^T 1 "r 1 ! U '* ?pringiag frora lht ' of the *-n*orv 

floor. The statohth spherules are said to be formed in the e P ,dermai 
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cells of the floor and then to be ejected together with the remnant- of these 
cells. The whole structure presumably sen es as an organ of equilibrium, 
since changes in the position of the animal with respect to gravity would 
alter the pressure of the statolith on the balancers. Around the statocyst 
in the interradii are seen the four ampullae of the anal canals, two blind 
and two opening by pores (Fig. 209 B). From each balancer two ciliated 
furrows run out along the four interradii to the beginning of the two 
comb rows of each quadrant. The sensory floor of the statocyst con- 
tinues on each side in the sagittal plane as a long ciliated depression 
termed the polar plates or polar fields, presumably sensory Tig. 209C). 

The variations in general structure seen among the etenophore orders 
may now be briefly considered. The cydippids conform to the described 
plan. In the Lobata (Figs. 211, and 218) the oval body is somewhat 
compressed in the tentacular plane and is expanded in the sagittal plane 
on either side of the mouth as a rounded muscular oral lobe, very large 
in some forms. As a result, the four subsagittal comb rows are longer 
than for the four subtentacular ones; and from the lower ends of the 
latter, short or long, sometimes spirally coiled, processes, the auricles, 
with a ciliated edge, project above the mouth, two on each side (Tig. 21 1). 


Typical cydippid tentacles and sheaths are 


present in the cydippid larva 


of the Lobata, but the tentacle sheaths disappear during metamorphosis, 
and the tentacles move orally until they lie practically alongside the 
mouth. There is also a row of short tentacles lying in the ciliated 
auricular grooves (Fig. 211.4). In the lobate digestive system the two 
transverse canals are lacking so that the four interradial canals spring 
directly from the stomach. The shift in the position of the main ten- 
tacles brings about an elongation of the tentacular canals that underlie 
the auricular grooves. The four subtentacular meridional canals loop 
around the edges of the auricles and then anastomose with the oral ends 
of the two pharyngeal canals to form a ring around the mouth, which is 
drawn out into a loop in each oral lobe (Fig. 211fl, C). The two sub- 

sagittal meridional canals of each side also unite by way of sinuous loops 
inside each oral lobe. 


The cestids, represented chiefly by the Venus’s girdle, Cestum reruns 
exaggerate the peculiarities of the Lobata. The process of tran-ven«! 
compression begun in that order is carried in the cestids to such an 
extent that the body is elongated in the sagittal plane to a flattened 
gelatinous band, which may be \y 2 m. long (Fig. 212,1). As a result 

m/° 9 U ,Ut te n n ! aC f7° mb : OWS ^ reduced to d»ort lengths 
(Fig. 2 1 2B) while the four subsagittal rows an* elongated to run along 

ne entire aboral edge of the band-like body (Fig. 212.1 ) The tentacle 

moot? “? ^ntacles have shifted orally to a position alongside the 
mouth, and the tentacles are reduced to a tuft of filaments. As in the 
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Lobata there are also two rows of short tentacles running in grooves along 
the entire oral edge of the band. The four interradial meridional canals 
arise directly from the stomach. The subsagittai canals accompany 
the corresponding comb rows along the whole aboral edge. The four 
subtentacular ones descend to an equatorial position and then run, 
two on each side, along the middle of the band to its ends (tig. 212 li) 
The two pharyngeal canals on reaching the mouth level fork and proceed 
along the oral edge. Thus each half of the band contains two subsagittai 
meridional canals along its aboral edge, two subtentacular ones in its 
middle, and two pharyngeal ones along its oral edge, all running hori- 
zontally. The six anastomose at the ends of the band. 

The beroids are conical or thimble-shaped, compressed in the tentac- 
ular plane, with a very large mouth opening and pharynx (Fig. 213.-1). 
All traces of tentacles and tentacle sheaths are absent even in the 


larva. The rounded polar fields are edged with branched papillae (Fig. 
2131?). The small stomach lies very near the statocyst and from it the 
four interradial canals spring directly (Fig. 213 B). Because of the great 
expansion of the pharynx the pharyngeal canals run close to the surface, in 
the center of each broad side of the a nim al. Meridional and pharyngeal 
canals give off along their lengths numerous branched lateral diverticula 
(Fig. 213.4), which may anastomose into a network. At their oral ends 
the meridional and pharyngeal canals of each half unite by a canal 
running along the mouth rim; and in some species those of the two halve- 
are also united to form a ring canal around the mouth. The comb rows 
are of equal length and extend from over half to nearly the entire length 
of the animal in different species. 

The Platyctenea are highly modified ctenophores that through great 
oral-aboral flattening have assumed a creeping mode of life. They will 
be described in connection with the order. 

The epidermis is either syncytial or a euboidal to columnar epithelium, 
coated in certain regions, and often very granular and apparently has a 
general glandular function. In many forms, however, the epidermal 
cells are interspersed with numerous gland cells, of both the mucous and 
granular types, often filled with large spheres (Fig. 214.4, B). The 
epidermis may also contain pigment granules, or special branched 
pigment cells (melanophores) may be present. Two sorts of sensory cells 
have been described: some with several stiff bristles fFig. 214 F) and 
others with a single stout projection (Fig. 2UE). The ciliated cells of the 
polar fields are also considered sensory, although evidence for this view 
is lacking. In some lobate and cestid ctenophores, the surface bears con- 
tractile sensory papillae (Fig. 218.4) whose tips are loaded with gland 
and sensory cells and are very sensitive to contact . The combs as already 
remarked consist of a horizontal row of very long cilia ( Fig 209Z>) that 
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The tentacles are of complicated structure. They ar^ solid, com- 
posed of a core covered by an epidermis that consists largely or entirely 
of the characteristic adhesive or “lasso” cells, better termed colloblast s 
(Fig. 214 C, D , G). Each colloblast has a hemispherical head containing 
granules that discharge as a sticky secretion, utilized in the capture of 
prey. The head is fastened to the tentacle core by way of a contractile 
spiral filament , which encircles a straight filament (Fig. 2146'). The 
colloblast develops from a single cell whose nucleus becomes the straight 
filament (Fig. 214 H-L). The tentacle core varies in construction in 
different parts of the tentacle and in different species. There is usually 
a small central strand, probably nervous, and the rest of the core may 
consist entirely of muscle fibers, or the muscles may be arranged in 
bundles with mesogloea between (Fig. 214C, D). Tin* tentacle grows 
at its base inside the tentacle sheath and there is continuous with the body 
layers. The tentacle sheath is an invaginated epidermal pouch lined 
by a flattened ciliated epithelium. The tentacle base consists of three 
parts (Fig. 210 C), a median region where the muscle bundles of the con* 
originate and paired lateral elongated swellings, each containing the 
blind end of a tentacular canal and covered with a thickened epidermis 
continuous with the epidermal layer of the tentacle (Fig. 215-4). This 
thickened epidermis is composed of numerous small darkly staining cells 
that are the mother cells of the colloblasts. 

The lining of the pharynx is similar to the surface epidermis, consisting 
of gland cells and supporting cells bearing a thick tuft of cilia (Fig. 214#) 
In Beroe the pharyngeal lining just inside the mouth rim is highly special- 
ized into three bands composed, respectively, from the edge inward, of 
ciliated cells, gland cells, and sensory cells having a single thick projection. 

The stomach and gastrovascular canals are lined by a simple epi- 
thelium of entodermal origin, thicker and highly vacuolated on the 
outer side of the canals (i.e., the side in contact with the comb rows, 
tentacle roots, and other organs), low and ciliated on the inner side 
(Fig. 215S). The thick epithelium probably serves for intracellular 
digestion while the flat portion functions to produce a current Peculiar 
to the canals are the “cell rosettes.” consisting of two circles of ciliated 

S? SUrT0Unding a sma11 °r* nin g into the collenehvme 
yf. 2l0< y The clUa of one circl e beat toward the collenehvme. tho*» 
of the other toward the canal lumen. The function of these rosette. 

is unknown, but they are probably excretory' or act as regulators of the 
fluid content of the collenchyme. 

The collenchyme is interpretable as an ectornc-oderm : il consi-t, 
fit ** ea "h Tl’ su bstratum containing scattered cells, connective-lias,,,. 

(Rg 2uS r OU 1l "T? a ", d “ b ° Ve *" numr ™ 13 muscle fiber* 

1 * 214-tf). .411 the cells of the collenchyme including the m„*el» m„... 
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are of ectodermal origin, according to Hatschek’s account of the embry- 
ology (see page 679). 

The muscle fibers are independent cells not related to either the 
epidermis or the gastrodermis but arising by the direct transformation of 
amoeboid mesenchyme cells. They are elongated fibers of the smooth 
type, sometimes anastomosed, often with branching ends (Fig. 214 M). 
Their disposition varies in different species. Usually there are longi- 
tudinal and circular fibers at the surface just beneath the epidermis, 
similar fibers along the pharynx, often sphincters around the mouth and 
the statocyst, and radial fibers extending between pharynx and body 
surface. The oral lobes of the Lobata have on their inner surfaces a 
crisscross arrangement of muscle fibers (Fig. 21 1C), making them very 
contractile. The muscle bundles of the tentacles were already noted; 
they are chiefly longitudinal. 

Whether or not the ctenophores possess a differentiated nervous 
system and whether the beating of the combs is nervously controlled or 
not are questions that have been agitated for decades. Fortunately 
the matter has now been definitely settled by the work of Heider (1927), 
who completely verifies the findings of R. Hertwig in 1880. The cteno- 
phores possess a distinct nervous system of the same type as that of the 
Cnidaria. There is a general subepidermal plexus throughout the sur- 
face, composed of multipolar ganglion cells and neurites (Fig. 215 D). 
Whether the neurites actually anastomose or only make contact as 
found by Bozler for coelenterates (page 397) was not determined with 
certainty by Heider, but Hert wig’s figures indicate a system of the 
synaptic type (Fig. 215D). Beneath the ciliated furrow's and the comb 
rows the meshes of the plexus are elongated so that the neurites are 
brought close together to form a strand imitating a nerve; but these eight 
strands are not nerves, merely compressed parts of the plexus. The 
basal cushions of the combs are permeated with a rich plexus of nerve 
tissue, containing cells and neurites and continuous with the nerve 
strand of the comb row. The plexus forms a ring around the mouth. 
The nervous system is thus diffuse as in the Cnidaria vrith no concentra- 
tion of ganglion cells into ganglia and no region of central control. R. 
Hertwig described nerve fibers passing into the collenchyme to supply the 

muscles, and although Heider did not succeed in seeing them their exist- 
ence is scarcely to be doubted. 

Whether the ctenophores possess an excretory system cannot be 
stated. The cell rosettes may have an excretory function. The anal 
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canals and pores of the gastrovascular system are not known to perform 
any excretory function but serve rather for the voiding of indigestible 
particles. Certain ciliated epidermal sacs found in the peculiar efono- 
phore TjalfieUa (see below) have been regarded by some as modified 
invaginated combs forming a primitive excretory system, but this 
interpretation is purely conjectural. 

All the ctenophores are hermaphroditic, and many have two periods 
of sexual maturity, one in the larva and a final one in the adult, with a 
degeneration of the gonads between the two phases. This peculiar 
phenomenon has been termed dissogeny; whether the larva actually pro- 
duces normal offspring does not seem to be known. The gonads nearly 
always occur in the walls of the meridional canals as continuous or 
discontinuous bands, the ovary on one side and the testis on the other 
(Fig. 215 B), so arranged that, in adjacent canals, like gonads face each 
other and the ovaries are always next to the principal planes. The ripe 
sex cells are discharged through the mouth except in the curious genera 
CoeUrplana and Ctenoplana (see below), in which the testes open on the 
aboral surface by ducts, an arrangement that apparently foreshadows the 

reproductive system of the Bilateria. The sex cells appear to be of 
entoderm al origin. 


2. Development- Usually the sex cells are shed into the sea water, 
where fertilisation occurs; but Coeloplana and TjalfieUa brood their 
young. Development is best known for Beroe, but other genera agree so 
far as studied. Four blastomeres arise by the usual two meridional 
cleavages, but the third cleavage is also nearly vertical and results in a 
curved plate of eight cells, arranged in two rows of four each with the 
central cells larger than the end ones (Fig. 216.4). The long axis 0 f 
this eight-celled embryo becomes the tentacular plane of the adult, so 
that a condition of biradial symmetry is already established at this early 
stage. This type of symmetry persists throughout development, anil 
ctenophores m fact furnish the only cases of biradial cleavage The 
eight blastomeres now divide twice, giving off each time eight small 
cells, termed micromeres, on the concave surface of the embryo which 

is the future aboral pole (Fie 216/?^ ia™* 

dmaon* to form a moth of small cells on the aboral sorf.ro of the n j 
large macromems (Fig. 216C, D), which eventually divide to 16 The 

the parte ofth tdi Cleavage and mosaic development, mwt.eh 

continue Z ThlX^He "d T 7 ™ 
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processes of epiboly and emboly (invagination). Just before in\ agina- 
tion the macromeres give off at their oral poles a circle of 16 small evil' 
(Fig. 216 E) whose fate has been much disputed. According to the care- 
ful work of Metschnikoff (1885) these cells are carried inward in the 
gastrulation process, proliferate to form a cross-shaped mass of cells 
topping the aboral pole of the entoderm (Fig. 216F), and become the cells 
of the collenchyme, including the muscle cells. Hatschek (1911), 
however, claims they are entodermal cells, becoming incorporated into 
the gastrovascular system, and supports the findings of Kowalevsky 
(1866) and Chun (1880) that the collenehymatous cells arise? by inwan- 
dering of ectodermal cells, especially from the region of the mouth. 
Unfortunately, Hatschek has never published his evidence although 
Korschelt and Heider (1900, page 265) testify that they saw his drawings 
and found them convincing. The matter is extremely important on 
theoretical grounds. If Metschnikoff is correct, then the ctenophores 
have a “true” mesoderm of entodermal origin and are thus allied to 
the protostomous Bilateria (page 31). If on the other hand, the muscle 
and other cells of the collenchyme come from the ectoderm, they con- 
stitute an ectomesoderm and indicate close affinity of the ctenophores 
with sponges and coelenterates. It appears impossible to decide the 
matter on available evidence, but the ectomesodermal interpretation is 
the more appealing and is here adopted. 

As the micromeres cover the embryo to become the epidermis, four 
interradial bands of particularly small, rapidly dividing cells become 
noticeable (Fig. 216 G), and these differentiate into the comb rows, of 
which two arise from each ectodermal band. The aboral ectoderm 
differentiates into the statocyst and related parts. The ectoderm at the 
oral pole invaginates extensively to form the stomodaeum (Fig. 2166'). 
which pushes against the entoderm in such a way as to constrict it into 
four pockets, two on each side of the tentacular plane (Fig. 221 B) 
These have been compared to the four gastric pockets of the sevphistoma. 
From them the gastrovascular canals arise by active entodermal out- 
growth. The tentacle sheaths in forms that possess them originate as 
ectodermal invaginations from whose base the tentacle sprouts. The 
nauscle cells of tentacle core and of the general body come from coll, n- 

chymatous cells. Each muscle cell results from the differentiation of a 
mesenchymal cell. 


216/ and T “ * fr ^™ainmg cydippid larva (Figs. 

216/ and 217C), which closely resembles adult ctenophores of the order 

Cydippida and in that order assumes the adult morphology through 

slight changes. The Lobata and Cestida also have a typird cydippid 

a suggesting m its lateral compression the genus Mertenxia ; it under- 

goes a marked transforms firm nr i • . t ’ 
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. xe ° Tacles migrate orally and become much reduced and altered 
losing their sheaths in the Lobata. The oral end expands on each md 
into the oral lobes in the Lobata, and in the Cestida the lateral compress 
sion becomes more and more pronounced and the body elongates in th 
sagittal plane. The larva of the beroids (Fig. 213C) is simile to i 
cydippid larv a but lacks all trace of tentacles or tentacle sheaths. Th 

chief change to the adult consists in the enormous expansion of th 
stomodaeum. 


The development of ctenophores is seen to differ widely from that o 
the Cnidaria. Whereas in the latter, cleavage results in an irregula 
mass of cells having no relation to adult structure, there is in the cteno 
phores a very exact cleavage pattern on which the ultimate morphology 
is definitely mapped. The ctenophores further lack a planula larv; 

1 ^ so characteristic of the coelenterates ant 

instead produce an invaginate gastrula and a larval type having nt 
counterpart in the Cnidaria. 

Experiments on the developing ctenophore embryo (chiefly Beroe 
confirm the fact of mosaic development (Fischel, Yatsu, Ziegler). Iso 
lated blastomeres of two- or four-cell stages cleave fractionally as the’ 
would if remaining part of the whole, and become reduced larvae witl 
four or two comb rows, respectively. Isolated cells of later stages di 
not survive, but portions of such stages develop in the same fraction* 
manner (Fig. 216.V). If the mieromeres are displaced into two equa 
masses, the resulting larva has two statocysts with four comb row 
radiating from each (Fig. 216/v, L). Irregular displacements of th 
mieromeres result in two or even three statocysts with disordered combs 
Thus the combs and the statocyst are fixed in the mieromeres and incapa 
ble of regulation. On the other hand, the formation of the stomodaeuE 
depends on external factors, since each reduced larv a develops a stomc 
daeum at it' oral pole, although it is somewhat exeentric in position. 

3. Order Cydippida. — The members of this order are the least modi 
fied ctenophores of simple globular, oval, or pyriform shape with blind! 
ending gastrovascular canals and two long tentacles springing frou 
pouch-like sheat hs and generally provided with a fringe of lateral filament 
covered with eolloblasts. The chief genera are Mertensia, much flatten© 
laterally: PUurobrachia (Fig. 209.4), globular to egg-shaped with no o 
little flattening; Hormiphora similar in shape to Pleurobrachia but witl 
two sons of tentacle filaments; Callianira, wth two aboral crests (Fig 
217.1 >: and Lampdia. of elongate cylindrical form with shallow tentael 
'heath' and a verv expansible oral end, permitting the eversion of th 

pharynx as a creeping sole (Fig. 2175). Of these genera, species c 
PU u^brachia are the only ones commonly seen along the coasts of th 


United States. 
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4. Order Lobata.— In this order the body is always laterally corn- 
pressed, and the oral end is expanded on each side into a rounded con- 
tractile lobe, provided with a latticework of muscle fibers on its inner 
surface (Fig. 211). The tentacles lack a sheath, are situated to either 
side of the mouth, and are usually reduced to a short filament with 
lateral branches. From either side of each tentacle base a ciliated 
auricular groove extends to the base of the auricles and bears a row of 
short tentacles. The auricular apparatus is important in the capture of 
food. The modifications of the lobate canal system were explained 
above (page 669); most noticeable are the sinuous loops in the oral lobes. 
Bolinopsis (= Bolina) with short auricular grooves and Mnemiopsi* with 
very deep grooves that extend to the level of the statocyst arc- common in 
summer and fall along the Atlantic coast. Bolinopsis infundibulum 
ranges from Maine north into arctic waters and Mwmiopsi* Luigi 
(Fig. 211) occurs from Cape Cod south to the Carolina.', often in immense 
swarms. Leucothea (= Eucharis) has very large oral lobes, long slender 
auricles, long main tentacles with or without lateral filaments, a papillate 
surface, and two deep narrow pits extending aborally from near the 
tentacle bases (Fig. 218A). The papillae on the surface of this genus 
are very motile and extensile with tips loaded with large gland cells 
interspersed with the projecting bristles of tactile sensory cells. They 
probably aid in the capture of food organisms. Eurhamphaea ha* two 
pointed aboral crests over which the subteritacular comb rows run ami 
which terminate in a slender filament. Ocyropsis ( = Ocyroe) is dis- 
tinguished by the large muscular oral lobes, whose flapping serves a* th>- 
chief swimming mechanism. The last three genera are limited to 
warmer waters, and species of them occur in the tropical Atlantic. 

6. Order Cestida.— The elongated ribbon form f Fig. 212.1) render* 
the members of this order recognizable at once. The modifications in 


structure accompanying this alteration of shape were explained above. 
The main tentacles are reduced and shifted alongside the mouth, as in 
the Lobata, but the sheaths are retained. There* are two genera, Cesium 
(erroneously spelled Cestus) and Velamen (= Vexillum, Folia) limited to 
the Mediterranean and to tropical waters. Practically the only differ- 
ence between these genera is that in Cesium the four subtentacular canals 
first arch upward to supply their very short comb rows, then curve 
down, and then extend straight out to the body ends (Fig. 212B): while 
m Velamen there is no such arch but these canals proceed directly out- 
ward in the equatorial plane (Fig. 212A). Species of both genera may- 
be seen around Florida. The famous Venus's girdle, Cerium venens 
may reach a length of V'i m. but is generally under 80 cm. in length 
(really the width). Velamen is smaller, to 15 cm. The restids swim 
not only by their combs but by graceful undulations of the bodv 
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6. Order Beroida. The beroids ‘Fig. 213) are eonicai or thimble- 

shared. compressed in the lateral plane (Fig. 213D), -with no trace of 
tentacles or tentacle sheaths. The interior is occupied chiefly bv the 
immensely enlarged pharynx. Other noticeable features are the papillae 
tdging the polar fields Fig. 213B) and the numerous fine branches spring- 
ing from the gas tro vascular canals .for ether details see page 671). The 
principal genus is Bcroe. found in all seas, to 20 cm. in height and often of 
a pink color, especially in colder waters (Fig. 213T). 


7. Order Platyctenea. — The construction of the curious genera Coelo- 

plu'ia. Ctc no plana. TjaHoUa. and Gastrodes will now be described. Our 

present understanding of these aberrant ctenophores is based upon the 

work of Komai. Mortensen. and Dawvdoff. 

% 

A single specimen of Ctcnoplana was- discovered off Sumatra by 
Kerotneff in 1SS6. but his imperfect description was supplemented by 
the fortunate finding by Willey in IS 96 of four more specimens floating 
on a cuttlebone off New Guinea. The animal was not seen again until 
recently, when a number of specimens were taken on the coasts of Indo- 
Ckina and Japan by Dawvdoff (1929) and Komai (1934). The latter 
has given the best description of the anatomy. The various species are 
5 to S nun. long in the tentacular plane and colored dorsally, mostly 
olive green, brown, or reddish, some with patterns. The flattened oval 
body has a central thick portion and two rounded thin lobes in the sagit- 
tal plane (Figs. 21SB. 219-4). At each end in the notch between the lobes 
there are a large tentacle sheath and a long retractile tentacle edged with 
lateral filaments as in the cydippids. In the center of the dorsal surface 


occurs a typical statocyst with polar plates; the latter are encircled by 
eight prominent ciliated papillae (Fig. 219-4), believed by some to be 
resuiratorv. Thev are characteristic of the genus. Eight short comb 
rows, of several plates each, radiate from the aboral region and are con- 
nected to the statocyst by the usual ciliated furrows. The shortened 
east ro vascular system consists of a low broad pharynx with folded walls, 
a long esophagus, and a rounded stomach directly beneath the statocyst. 
Comparison with other ctenophores shows that the apparent oral surface 
is actually everted pharynx so that only a small part of the pharynx is 
situated in the interior, and the so-called mouth is a connection between 
the internal and external portions of the pharynx. The stomach gives 
off to the aboral surface two anal canals, each opening by a pore, and 
laremclv rix canals branch off, four for the comb rows and two for the 
tentacle .heaths Fig. 21 SB'. The sLx canals of each side Peeved to 
t w. peripherv where thev anastomose to a network (Fig. 21SB). Ihe 
gonads" occur as four bilobed masses in the walls of the subtentacular 
eoralu so far onlv testes have been found, and these are remarkable m 
that each mass opens to the surface by a duct and pore Ctcnoplana is a 
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plankton animal; it swims by folding the lobes together (thus restoring 
the typical ctenophore condition) and then using its combs or more often 
flapping the lobes in and out (Fig. 219.4). Opened out to its flat form it 



icwf 1 ) 0- 219--Platyctenea (continued). A. Ctenoplana swimming. ( After 

19SS.) a. Coeloplana mesnili. ( After Dawydoff , 1933.) C. Section through in. nv.iry „f 

Lodoplana, showing seminal receptacle. ( After Komai, 1922.) 1, papillae 2, con,!, rows- 

I'nrZTl* V : 8UtOC3 ? t: /.Pharynx; 6, meridional canals; 7. tentacular canals; X, 

P of’ 9, netw ? rk °, f d, « e ft.ve system; 10, epidermis; 11, seminal receptacle; 

ovary; 13, wall of meridional canal. 


may rest upon the bottom, not creeping very much, or travel upside 
down on the surface film by ciliary action. 

Coeloplana, discovered in the Red Sea in 1880 1> V Kowalevskv has 
since been found in abundance on the coasts of Japan and thoroughly 
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studied by Komai (1922), and several species have been described bv 
Dawv d ° ff (1938) from Indo-China. It is similar to Ctenop^ a fl£ 
n ‘ araraa l (Fig- 2195), elongated in the tentacular plane, to 60 mm in 

in various shades, 

uch _ as olive or reddish, and of sedentary habits, creeping about on 
peeific kinds of alcyonarians, as an ectocommensal. Tentacles, ten- 
ade sheaths, and statocyst are as in Ctenoplana but comb ro^s are 
•ompletely absent, although traces of the ciliated furrows exist. Diag- 
lostic of the genus are the erectile papiUae, varying in number from 12 to 
ibout 60 in different species, more or less arranged in four rows on the 
iboral surface (Fig. 2195). These papillae overlie the meridional 
•anals from which each receives a branch. The polar fields are also 
•dged with ciliated papillae in most species. The gastrovascular system 
s similar to that of Ctenoplana. In the wall of each of the eight merid- 
onal canals occurs an ovary and a testis; as in Ctenoplana each testis 
>pens on the aboral surface by a duct and pore (Fig. 220 A) and further 
here are little invaginated epidermal sacs nearby, which contain sperm 
md seem to be seminal receptacles (Fig. 219 C). (Traces of such recep- 
acles also exist in Ctenoplana.) The developing eggs are attached by a 
ticky secretion to the oral (“ventral”) surface of the mother. They 
ievelop in typical ctenophore fashion into a regular cydippid larva 
vith eight comb rows. The larva, after sw immin g for a time, takes to 
i creeping habit, the combs fall off, and the stomodaeum everts to the 
>utside to form the ciliated “ventral” surface. Meantime the body has 
■longated in the tentacular plane and later flattens. 

Tjalfiella (Fig. 2205) is another flattened, creeping, practically sessile 
■tenophore found off Greenland on the pennatulid UmbeUula. As in 
he two preceding genera, the body is flattened in the oral-aboral direc- 
ion and elongated in the tentacular axis with a simple tentacle and sheath 
it each end. But each end is upturned and fused at the edges to form a 
ube, the “chimney,” through which the tentacle extends and which is 
•ontinuous with the pharyngeal cavity (Fig. 220 5, C). In the center of 
he upper surface occurs a simplified statocyst (Fig. 2205), but polar 
ields, ciliated furrows, and comb rows are absent. Below, a slit leads 
nto the large pharyngeal cavity continuous with the chimney tubes and 
laving a much folded roof in the center of which a small aperture con- 
lccts with the stomach. From each side of the latter a large transverse 
•anal proceeds to the tentacle base giving off en route two pairs of blind 
:acs, which appear to represent the meridional canals, and one pair of 
•anals branching to the periphery and around the chimney (Fig. 220 C). 
Vn ovary and a testis occur in each of the eight blind sacs and form eight 
bulges on the upper surface (Fig. 220 C). Over the gonads lie ciliated 
•pi dermal sacs opening on the aboral surface. These have been inter- 
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preted by some as the sunken and modified comb rows, possibly repre- 
senting the beginning of an excretory system (nephridial tubes). It i- 
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uyuippm larvae* oi l-ounded form with statocyst, polar 
ciliated furrows, tentacles and tentacle sheaths, eight comb 
deep indentations, and a four-pouched gastrovasular system. A 1 — g 
furrow in the tentacular plane on the oral surface separates th«<« surface 
into two oral lobes (as in the Lobata), which can be opened and dosed 
in Ctenoplana. The cydippid larva leaves the brood pouch and aftei 
short free life settles on the pennatulid, opening out the two lobes an d 
the stomodaeal wall to form the “ventral” surface. The animal thus 
permanently adopts the form that can be assumed by Lampetia (Fig. 
217 B) in creeping. The tentacular ends of the two lobes unite at t hd r 
adjacent edges to form the chimneys. 



Fig. 221. — Gastrodes. A. Bowl-shaped stage in Salpa. B. Later stage, wit h to 
lobed canal system. C, Comb-bearing stage. (AU after Koma\ y 1922.) ^ 1, statocyit 
anal pores; 3, tentacle sheaths; 4, ciliated furrows; 5, comb rows; 6, meridional 

At the time of their discovery Ctenoplana, and Coeloplana were hailed 
by certain zoologists as the missing links between the coelente rates and 
the flatworms, and much phylogenetic speculation was based upon them. 
More thorough study of their anatomy shows, however, that they as weB 
as Tjalfiella are simply highly modified ctenophores that have adopted a 
creeping or even sessile mode of life and thereby in two cases lost tbe 
combs. The flattened form is not primarily derived as might be thought 
by a mere shortening of the oral-aboral axis but is brought about by the 
opening out of the stomodaeum so that the ciliated “ventral” surface is 
actually in large part the pharyngeal lining and the so-called mouth w 
the aperture between the pharynx and the stomach or a connectaon 
between everted and internal parts of the pharynx. Ctenoplana and 

• It was the finding of these cydippid larvae in the bnK’d pouch^t enabled 
Mortensen to recognise Hurine development. 
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Tjalfiella seem to be related to the Lobata in that they are provided with 
oral lobes having the same morphological relations as in tin Lobata. 
None of these forms has real bilateral symmetry nor any indication of 
anterior and posterior ends; and it is highly doubtful if the way in which 
they have become “dorsoventrally ” flattened has any relation to the w ay 
in which this happened in the evolution of the Bilateria. 

The true nature of Gastrodes, a parasite in the tunicate Sal pa, was 
elucidated by Komai. It was known as a minute bowl-shaped organism 
embedded in the mantle of Salpa f Fig. 221.4). Komai and Dawydoff 
have found that these grow into a cydippid type with statocyst, tentacles, 
eight comb rows, and typical gastrovaseular system fFig. 221#, C). 
These leave Salpa, settle to the bottom, ca-ring off the comb rows, and 
flatten out by everting the pharynx as in other Platyctenea. This is 
probably the adult form. The eggs occur in the pharyngeal epithelium 
and seem to be of ectodermal origin. A typical planula larva with solid 
entoderm is formed, and this bores into new hosts. 

8. Biology and Physiology. — The ctenophores are among the most 
characteristic plankton organisms of the ocean and inhabit all seas, al- 
though most species probably have a limited range of latitude. Although 
predominantly pelagic organisms, they also occur in deep waters, down 
to 3000 m. They are feeble swimmers and through tides and currents 
may often be aggregated into immense swarms that work havoc among 
small pelagic organisms. The beroids are often pink, and most Platyc- 
tenea variously colored above; otherwise most ctenophores are color- 
less and transparent with a bronze iridescence along the comb rows. 

Apart from the very elongated cestids, the size ranges between a few 
millimeters and 20 cm. 


The Ctenophora are exclusively carnivorous, and this statement 
applies even to the flattened sedentary Platyctenea. The food consists 
of any small animals and in the cydippids is caught by the tentacles, 
which are spread out in fishing positions by a variety of maneuvers includ- 
ing “loop-the-loop - ’ turns. Any food caught is held by the sticky collo- 
blasts, and the tentacle then shortens, wiping the food upon the mouth 
nm. Pleurobrachia is known to eat small plankton organisms, such as 
crab and oyster larvae, copepods, fish eggs, and arrowworms i SagiUa) 
The Lobata (and presumably also the cestids), lacking extensile tentacles, 
can capture only small and weak organisms. The process has been 
described m detail for Mnemiopms leidyi (Fig. 211.4) by Main .1028) and 
Coonfield (1936). Ciliary action brings the prey into the auricular 
grooves where they become entangled by the row of short tentacles that 
pa^es them across the adjacent labial ridge into another groove, the 

J C f0Uf Iablal trou B hs lead direct lv to the mouth 
Food touching the surface of the animal in oral remnn, , 
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The Ctenophora are noted for their luminescence, which in adults 
comes from beneath the comb rows, apparently from the outer \vall> ot 
the meridional canals. Pieces containing at least four combs will lumi- 
nesce as long as they remain alive. The ability to luminesce begins in 
cleavage stages and continues throughout life but the animals luminesce 
only after being in the dark for some time. Oxygen is not necessary for 
the luminescence but is necessary for the preliminary building up ol the 

luminescent substance (Harvey and Korr, 1938). 

The beating of the combs has been much studied both as an example 
of ciliary movement and as a possible case of nervous control of cilia. 
Isolated combs or groups of combs or even fractions of a comb will con- 
tinue to beat as long as the basal cushion is included; in the absence of 
the cushion, movement ceases. Ordinarily the beat in each row begins 
in the most aboral comb and proceeds successively along the combs of the 
row to the oral end like a wave. The combs in the two rows of each 


quadrant (which come in development from one ectodermal band) beat 

synchronously. The beat consists of a strong flap of the comb toward 

the aboral pole so that the animal is driven forward with the mouth in 

advance, the normal swimming position. Stimulation of the oral end as 

by the striking of an object or immersion in certain chemicals causes not 

only a reversal of the direction of the wave, which now passes from the 

oral to the aboral ends of the comb rows, but a reversal in the direction 

of the effective stroke of each comb, so that the animal temporarily swims 

backward with the aboral pole in advance. According to Fedclc, this 

ability to reverse the direction of the effective stroke is best developed in 

the cydippids and the cydippid larvae of other groups, all of which can 

swim equally well with either pole foremost, but is somewhat lost in adult 

Lobata and is absent in the beroids. In any ctenophore the direction of 

the wave is reversible. If sections of a comb row are cut out and replaced 

in the reverse orientation, they continue to beat according to their 
original orientation. 


That the beat of the combs is nervously controlled has been proved in 
many ways. Stimulation of the oral end causes stoppage and reversal in 
the comb rows; stimulation of the aboral end accelerates the normal beat ; 
displacement from a resting vertical position results in a stronger beat 
on one side and return to the vertical. All these responses are reflexes 
by way of nervous connections; they are not abolished by extirpation of 
the statocyst; and they continue to be exhibited by comb rows so out as to 
be attached at only one end, but they do not continue if the cut passes to 
the urner side of the row. Such experiments show a diffuse nervous con- 
nection not mediated by the statocyst. The transmission along a comb 

T St °, pped 1 b y loss of a c °mb or by inhibiting the beat of some 
combs through cooling or stretching. If a comb row is cut across the 
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vertical position. 


combs of the two parts beat independently. If a ciliated furrow is cut 
acioss, the two comb rows of that quadrant are no longer synchronous 
Removal of the statocyst also results in lack of coordination of the comb 
rows, irregularity in swimming, and inability to maintain the resting 

The statocyst is thus concerned in maintaining coordi- 
nation between the comb rows and in orientation with regard to gravity. 

In the ctenophores, therefore, it is definitely proved that ciliary 
mo\ ement can be controlled by the nervous system. The existence of 
nervous transmission is also proved by the foregoing observations even 
if do anatomical evidence of the presence of a nervous system were 
available. During the many years that the occurrence of nervous tissue 
along the comb row remained undemonstrated, the observed tr ansmissi on 
was called “neuroid”; but this term need -no longer be employed, since 
Heider’s finding of the nerve connections shows the transmission to be of 
the ordinary nervous type. 

The ctenophores have high powers of regeneration, and the many 
injuries to which their fragility and watery construction subject them 
are quickly repaired. Any parts removed, including the statocyst, are 
replaced. If quadrants are extirpated, the missing comb rows and other 
parts are regenerated. Longitudinal or equatorial halves regenerate the 
missing half, but the part containing the statocyst is more viable and 
regenerates more quickly. In general, regeneration of pieces containing 
the original statocyst is more rapid than that of pieces without a statocyst. 
The latter regenerate the statocyst first, and plate rows and other parts 
then arise in relation to it. These facts indicate the dominance of the 
statocyst. Portions of ctenophores may also close together without 
regenerating the lost comb rows and may continue a normal existence. 
In Lampetia, if the body is cut transversely into three or more pieces the 
viability and regenerative power are greatest in the most aboral piece and 
decline orally (Zirpolo, 1924) ; but in Mnemiopsis all crosspieces appear to 
("generate equally well (Coonfield and Goldin, 1937). Pieces of cteno- 
phores will fuse together, and if they are similarly oriented with regard 
to polarity will regulate to a single animal; but if grafted so that their 
polarities are opposite, each piece retains its original polarity. Grafted 
'datocysts are absorbed the more rapidly the nearer they are placed to 
the host’s own statocyst, but if the latter was extirpated no difference in 
graft absorption in different locations is seen. A grafted statocyst can 

inhibit the regeneration of the host’s statocyst. 

It is suspected that ctenophores may reproduce asexually by hssion. 

In Ctcno plana and Codoplana a form of asexual multiplication occurs 

that resembles pedal laceration in anemones. Small P°^°“ 

off as the animal creeps, and these regenerate into complete imim As 

described for Codoplana (Tanaka, 1932), the epidermis at the site of 
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wound closure forms one tentacle and sheath and gives off a bud from 
which the other tentacle and sheath arise. Polarity is thus established 
with reference to the wound. The statocyst differentiates halfway 
between the two sheaths, the mouth and pharynx arise by epidermal 
invagination, and the gastrovascular canals form from the gastrodermal 
spaces left in the piece. 

The water and solid content of ctenophores is similar to that of 
medusae. Some ctenophores can endure great changes of salinity and 
may flourish in bays having a salinity not more than one-third that of the 
ocean. 

The Ctenophora are devoid of any respiratory’ mechanism, although 
undoubtedly the circulation in the digestive system is of some respiratory' 
value. The oxygen consumption is very low, being about 0.007 cc. per 
gram per hour for Beroe and half that for Cestum (Vernon, 1899); but 
when calculated per gram of dry’ weight is similar to that of other animals. 
The oxygen consumption increases greatly’ with rise of temperature, is 
inversely proportional to size, and is also increased by starvation involv- 
ing much loss of weight. 

9. Phylogenetic Considerations. — Although the Ctenophora are 
obviously of about the same grade of structure as the Cnidaria, it is not 
possible to derive them from any existing groups of the latter. Charac- 
ters common to the two phyla are: tetramerous syunmetry, absence of 
coelom, gelatinous mesogloea, branching gastrovascular canals, diffuse 
nerve plexus, statocyst, and general lack of organ systems. There 
have been repeated attempts to relate the ctenophores directly to Hydro- 
zoa by way of medusae having an aboral statocyst and two opposite 
tentacles in sheaths such as Hydroctena (page 464). It is now accepted 
that Hydroctena is a trachyline medusa; the aboral shoving of the ten- 
tacles is characteristic of this group, and there are other trachyline forms 
with an aboral sense organ. Nevertheless, relationship to the trachyline 
stem form, which is here considered ancestral to the Cnidaria, is probably 
indicated by such resemblances. The ctenophores also have certain 
scyphozoan-anthozoan characteristics: the stomodaeum, the cellular 
mesogloea, the four-lobed condition of the gastrovascular cavity of the 
larva (Fig. 221B), and the general tetramerous symmetry. Finally in 
certain features the ctenophores diverge widely from any known coc'len- 
terates: m the direct development of muscle cells from mesenchyme, the 
lack of nematocysts and presence of colloblasts, the comb rows,' and the 

it seems that the cteno- 

6arly fr0m the tn “Mine stem form 
about the tune this gave off the three coelenterate stocks: trachyline- 

ap^° to’ S” “ d a ,° t , hOZOa " “° eS ' The ancKtral 

appears to have been a round pH am _ i . 
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from which eight nerves radiated as concentrated parts of a genen 
nerve plexus. It had a mouth at the oral pole leading into a larj 
stornodaeum from which extended a branched digestive system. A 
anus was absent. ;The anal pores of present etenophores cannot 1 
regarded as a definite morphological anus, since similar pores from tl 
radial canals to the exterior also occur in many medusae, page 421 
Between epidermis and gastrodermis was a considerable quantity 
mesenchymal ectomesoderm. part of which had differentiated into mu 
cle fibers. The entire surface was ciliated, with the ciliation concentrate 
or better developed along eight meridional rows, since the combs ha' 


probably been derived by the differentiation of an originally complete 
ciliated surface. Such a primitive ctenophore has been termed by soi 
writers a protrochula since they regard it us a forerunner of the troch 
phore larva of several of the bilateral phyla. But this view implies th 
the etenophores are intermediate between radiates and Bilateria. 

The view that the etenophores lead directly to certain lower Bilatei 


(the poly clad flat worms) has been advocated and adopted by sevei 
prominent German zoologists, notably Lang. The flattened Platycten< 
which superficially suggest a polyelad. have been considered the missi 
links between the coelenterates and flatworms. As already indicate 
this theory must now be considered without fo - ndation, since the care 
study of Platyctenea reveals that they are t ; »ical etenophores, sun] 
hi^hlv modified for a creeping or sessile existence. Further, it is n 
clear 'that not the polyelads but the Acoela are the most primitive fl 
worm' and the Platvctenea bear less resemblance to these than tl 
do to the polvelads. In new of these considerations, the sugges 

line of ascent — ctenophores-Platyctenea-polyclads becomes untenal 

klthoueh both etenophores and polyelads have determmate eleava 
the detail, oi the development are not strikingly similar. The assui 
tion. therefore, that a ctenophorrelike organism was ancestnd to 
Bilateria doe. not appear very convincing to the author. The v 
here adopted is that the pianola larva leads direetly to the most prtmn 
Bilateria. the aeoel flatworms. The etenophores are hen regar 
as a blind earlv oSshoot from the traehylme stem form that reac 
considerable erede of differentiation without leading to any higher fot 

ChW 

that the olutionan P°^ nlace only along cer 

n"r d PreblbW the^most imV-nf nL hne of advance is the de« 



THE RADIATE PHYLA — PHYLUM CTESOPHORA 


605 


ment of a mesoderm, and tendencies in this direction are ^-en .u, 

the higher groups of Radiata. In short, the ctenophorrs uppmr u, 
indicate along what lines structural complication will proceed in the n-x 
grade (organ-system grade of construction) without themselves bung 
directly in the line of ancestry of this grade. They are the most differ- 
entiated radiates, and the stock from which they came, differentiating 
along the same paths but in another direction (that of bilateralitv. and 

anteroposterior axiation), gave iise to the Bilateria. 
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Aster act is, 676, 586 
Automata, 48, 189, 190 
Astraeid corals, 61 1 
Astraeidae, 611 
Astrangia, 602, 610-611 
Astrangiidae, 609, 610 
Astrophora, 286, 338, 340, 34 1 , 342 
Astrorkiza, 134 
Astylus , 452 

Asulcal filaments, 541, 642, 545 
Asulcal septa, 539, 541 
Athecata, 370 

(«See also Gymnoblastea) 
Athecate hydroids, 435-443, 635 
(5w also Gymnoblastea) 
Athenana, 585, 586 
Athorybia, 479 
AioOa , 517, 618 
Atolls, 617, 618 
Aiorella, 517 
Aulocystis, 332, 333 
Aurelia, 382, 399, 499, 604, 505, 606, 
521, 623, 533, 537 
Aurelianiidae, 586 
Auricles, 669 
Aurophore, 478, 479 
Autocatalyst theory of protoso&n &• 
181-183 

Autogamy, 76, 138, 139 186 
Autotrophic nutrition, 58 
Autosooid, 543 
Avoiding reaction, 67, 68 
(See also Phobo taxis) 

Arindla, 346, 347 

Axinellid structure, 343, 346, 347 

Axinellidae, 349 

Axis of symmetry, 19-20 

Axoneme, 86 

Axopod, 119, 121, 136, 137 
Axostyle, 67, 68, 86, 114, 115 

B 

Babesia, 167, 158, 159 
Babesudae, 158 
Btyulus, 334, 339, 354 



700 THE INVERTEBRATES PROTOZOA THROUGH CT SHOP BORA 


Balanophylha , 600, 605, 613 

Balantidium, 102, 103 
Barbulonympha, 117 
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Scyphozoa, 531—537 
Bell, 373 

(8ee also Umbrella) 

Benthos, 79 

Beroe , 662, 672, 673, 677, 680, 683, 690 
Beroida, 663, 671, 680, 683 
Bibliography, cell and organism, 21 
Cnidaria, 641-661 
Ctenophora, 6C5-696 
his tory of classification, 39-40 
invertebrates, general, 40—43 
Mesozoa, 245-246 
Metazoa, 282-283 
Porifera, 360-364 
Protozoa, 208-232 
Bilateral cleavage, 257, 268 
Bilateral symmetry, 19, 20, 372 
Bilateria, 29, 30, 33, 267, 694-695 
Binary fission, 73-75, 172, 177—178 
rhythm of, 177—178 
Binomial nomenclature, 22, 23 
Binuclearity hypothesis, 54 
Biogenetic law, 272—276 
Bioluminescence, 82 
Alcyonaria, 565 
ctenophores, 691 
hy droids, 448 
medusae, 448, 537 
Protozoa, 82, 97 

Biradial cleavage, 257, 268, 677, 678 


Birmdial symmetry. It, 267, 268, n 
670, 667 

Birotulate spicules, 296, 296, 282 
Black corals, 625 
Blastaea, 249, 250 
Blastocod, 268, 259 
BUutodinivm, 96 
Blastomere, 256 
Blastopore, 250, 268, 260 
Blastostyle, 423, 425 
Blastula, 249, 250, 268, 259 
Blcpharisma % 193 
Blepharoplast, 57, 86 
Blood coccidians, 151 
Bodo t 63, 107, 109 
BoUna,% 83 
BoHnopsis, 662, 683 
Bolocera , 581, 586 
Boloceroidaria, 585, 586 
BolocerouU «, 581, 586, 590, 69J, 562. 566 
Bonneviella, 444 
Bonneviellidae, 444 
Botruanthus, 632 
Botrucmdifcr, 632 
Botrucnids, 630, 621 
Bougaintrillia, 414, 415, 417, 423, 464, 
431, 441, 443, 635 
Bougainvilliidae, 441 
Boveria, 65, 66, 189 
Brachial canal, 524, 527 
Brachycnemous septal arrangement, 622, 

623 

Bract, 469, 470 

Brain corals, 605, 606, 611, 612 
Branchiocerianthu s, 409, 441, 446 
Briareidae, 553 

Briar cum, 553, 664 __ 

Brooding devices, Actiniaria, 587, 686 
Hydroida, 424, 425, 426, 427, 426| 
433 

Budding, 73 
Hydra, 409 
Hydroida, 403-407 
Madreporaria, 607 
medusae, 431, 442, 443, 481 
Protozoa, 73-74 
Siphonophora, 471 
Suctoria, 203, 204 
Bunodactis , 573, 674, 586 
Bunodeopsis , 674, 575, 586, 661 
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Chela, 297, 298, 347 
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Actmiaria, 594-596 
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Protozoa, 67-68, 87, 122, 179 
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Protozoa, 46—48 

Clathrozoon , 403, 406 , 409, 410 , 441 
Clathridina, 135. 139 
Claustra, 509, 610 , 517 
Clara, 261 , 398 , 400, 403, 413, 427, 433 
441, 443, 449. 635 
Clavaitlla, 442 , 443 
Clavidae. 441 
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excretion, 396 
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muscular system, 393-394 
nemato cysts? 382-392 
nervous system, 396-399 
phylogeny, 632-641 
physiology, 392-399, 448-450, 564- 
566, 592-599, 613-615 
respiration, 395-396, 536, 596, 614 
Gnidoband, 473, 474 
Cnidoblast, 384, 387, 388 
Cnidocil, 387, 388, 389 
Cnidoglandular band, 568, 672 
Cnidophores, 387, 388, 415, 416 
Cnidorhagi, 630, 631 
Cnidoeporidia, 47, 159-162 
Cnidothalacies, 443, 444 
Gnidotrichocysts, 165, 168, 207 
Ooeddia, 47, 149-153 
Ooocidiods, 153 
Coeddium (sec Eimeria) 

Coocolith, 90, 91 
Gbooofithophoridae, 90, 91 
CoMiopadium, 130, 131 
Cockroach, commensal flagellates, 117, 
118 

parasitic amoeba, 127, 129 
Coeienterata, 266, 662 
(Sa also Cnidaria) 

Coelenteron, 367, 579 
Goeloblastula, 258, 259, 261, 262 
Codofforgia, 548 
Cbdamcwoelft, 267 

Caehplana, 674, 677, 684-686, 688, 692 
Qaminidxyme, 543, 606 
OoenogBneais, 272, 273, 276 



898,400 


sipbonophores, 471 



Madiepoiaria, 605 
Mflkporina, 450-452 
8tylasterina, 452-454 
Ooenotheealia, 371, 551, 662 

51, 165, 169, 183 
Oafiar cnD (see Ghoanocyte) 
CMbmehyme, 281, 295, 880, 381, 006, 
807, 873, 674 
OfA loupfcsv&9& 

CoDatoojwtophoree, 509 


Collidae, 142, 143 
Colloblast, 664, 673, 674 
Colloidal solution, 1 
Colloidal state, 1, 2 
Collosphaera, 142, 143 
Collozoum , 142, 143 

Colony formation, Alcyonaria, 541-544, 
562-564 

Hydroida, 403-407 
Mad repo raria, 607 
Peri trie ha, 201—202 
Protozoa, 248 
Volvocales, 105 

Colpidium , 59, 62, 168, 184, 188 
Colpodaj 59, 71, 73, 184, 185 
Columella, 603 

Comb, ctenophores, 665, 671-672 
Comb jellies, 663 
Comb rows, 665, 691-692 
Commensalism, 81-82 

Actiniaria, 391, 591, 598-599 
Cilia ta. 183, 189, 193-196, 389 
Flagellata, 115, 117-118 
Hydroida. 447 
Madrepo raria, 615 
Physalia, 485 
Porifera, 305-306 
Scyphozoa, 537 
Suctoria, 202, 203 
Conaria, 481, 484 
ConchaphthiriuSy 189 
Conchula, 076, 577 
Conditioned medium, 182-183 
Conduction, Cnidaria, 397-399, 493- 
494, 532, 564, 597-598 
Protozoa, 65 
Conductivity, 3 
Condyladi s, 586 
Congeetin, 391 

Conjugation, 75, 76, 172-176 
Connective tissue, 276, 278, 280-281 
Conocyema , 288, 239 

Contractile vacuole, 9, 51-52, 62-54, 83 
171 

Contractility, 3 
Conules, 347, 352 
Coppinia, 4%, 420 , 444 
Coprotnonas, 64, 74 
Coprozoic, 80 
Coral galls, 615 
Coral reefs, 615-620 
Coralliidae, 555 







INDEX 


Cytopyge, 31, 170, 171, 187 
Cvtosome, 5 

of Protozoa, 49-53 
Cytostom&l fiber, 87 

• D 

Dactylometra, 392, 521 
Dactylopore, 450, 452, 464 
Dactylozooid, 406, 409, 410, 450, 467 
Daly coral reef theory, 619 
Darwin coral reef theory, 618-620 
Darwinellidae, 352, 363, 354 
Delamination, 260—262 
Delta muscle, Scvphozoa, 602, 503 
Demospongiae, 286, 334-358 
bibliography, 363-364 
development, 341, 356-358 
histology, 355 
phylogeny, 360 
Dendrobrachia , 371, 625, 626 
Dendroceratina, 363, 354 
Dendrocomeles, 203, 204 
Dendroidea, 496, 497 
Dendrosomides, 203, 204 
Dendya , 315 
Depastrum, 511 
Depression, 176 

hydras, 409, 437, 487 
hydroids, 487 
Porifera, 307, 321, 352 
Protozoa, 176 
Dermal membrane, 292 
Desma, 298, 299, 341, 342 
Desmacyte, 294, 296, 336, 345, 355 
Desmonemes, 383, 384, 385, 388, 390 
Desmose, 57, 88, 89, 172 
Determinate cleavage, 257 
Deuterostoma, 30, 31, 32 
Deutomerite, 149 
Deutoplasm, 10, 11, 256, 268 
Development, 4, 255-263 
Actiniaria, 587-589 
Alcyonaria, 562-565 
Calcarea, 320, 321-323 
Coronatae, 519 
Ctenophora, 677-680 
Demospongiae, 356-358 
Hexactineilida, 331. 332 
Hydroida, 433^435 
Madreporaria , 607-609 
Metazoa, 255-263 
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Development, Rhizostomeao, 528 
Semaeostomeae, 521 -.>21 
Siphonophora, 481-483 
Stauromedusac, 511-512 
Trachylina, 457-459, 462, 463 
DtTe&covina, 67, 115 
Deviation, 275 
Diadumene , 573 
Diadumenidae, 587 
Dicoryne , 441 

Dietyonine skeleton, 328, 331, 332, 333 
Dicyema , 234, 235, 236 
Dicyem (’nnea, 234, 235 
Dicyemida, 233-241 

Didinium , 63, 165, 169, 170, 176 180, 

182, 1.83, 185 

Dieni amoeba , 129 
DifTcrentiation, 4 
Difflugia , 78, 79, 130, 131 
Diffuse retractor, 582 
Diffuse sphincter, 680, 581 
Digestion, 3 
Actiniaria, 595 
Amoeba , 122 
Cnidaria, 392-393 
Ctenophora, 690 
Hydra , 448-449 
Hydroida, 449 
Hydromedusae, 449—150 
Madreporaria, 614 
Porifera, 304 
Prclozoa, 61—62, 122 
Scvphozoa, 534-536 
Digitelli, 501 

Dilrptus , 62, 54, 77, 165, 172 » 73, 176, 
185 

Dimorphism, 407 

Alcyonaria, 543, 547, 550 
Hydroida, 407, 486 
Pennatulacea, 559 
Dinmympha , 115 
Dinifera, 46, 93-94, 96, 98 
Dinobryon , 66, 90 
Dinoflagcllata, 46, 55, 66, 92 97 
bibliography, 217-218 
Dinophysidae, 95, 96 
Dinophy&iz, 96 
Diphairia, 404, 428, 433, 444 
Diphyex, 384, 473 
Diphyidae, 473 
Diploblastic phyla, 263-268 
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Entwicklungsmechanik, 16 

Enzymes, 3 
Actiniaria. 595 
Cnidaria, 393 
Hydra, 449 
Madreporaria, 414 

Pnrifpm 9A{ 

x omera, 

Protozoa, 61-62 
Scyphozoa, 535, 536 
Siphonophora, 484 
Ephelota , 203, 204 
Ephelotidae, 203 
Ephydatia, 303, 308 
Ephyra, 507, 522, 623 , 524, 626 , 534 
Ephyrula, 507 
EpiaciiSy 586, 5S7, 688 
Epiboly, 268 , 260, 261 
Epidermis, 264 

Cnidaria, 367, 374 , 375-379 
Porifera, 288, 293, 294 , 295 
Epidinium, 195 
Epigenesis, 15-16 
Epimerite, 149 
Epipelagic, 80 
Epipolasida, 349, 352 
Epistylidae, 199 
Epitfylis, 199, 200 
Epitheca, 603, 604 
Epithelioid membrane, 293, 294 
Epitheliomuscular cells, 281, 374 , 376, 
379, 395 

Epithelium, 276-280 
Epizoartihus, 622 , 625, 626 
Epizoic, 82 
Actiniaria, 599 
Ciliata, 193, 199 
Hydroida, 410 , 447 
Suctoria, 203 
Zoantharia, 625 
Equatorial plate, 14 
Ergastic substances, 5, 10, 1 1 
EsrpereUa, 310 , 367 
Btperiopsit , 351 
Eucharit f 682 , 683 
Euciliata, 47, 183-202 
(See alto Ciliata ) 

Eucopidae, 445 
Eudendriidae, 441 

Budendrium, 384 , 398 , 405, 406 , 423. 

424 , 425, 427, 432 , 441, 443, 492, 635 
Budarina, 66 , 67 , 72 , 84 , 104 , 105 
Eudoxids, 475 


Eudoxomes. 4 75 

E,gUrMy 10, 60. 64. 84, *7-S*. V*. 9* 
99-163 

Euglein.*id inov'- *5s» r:T . S3. 1*9 
Euglenoidma. 46. 89, — 1*-3 

bibliography, 2 i > 

Euglypha, 130, 131 
E u gr< ■ e :i n n es, 146, 147 
turned usoid gorn'phore. 429, 432 
Eu metazoa. 30, 33, 206, 366 
Eumitosis, 71 

E u pUct'Ua , 305, 324, 328, 330, 333 
E u plot *■. -* , 65, 66, 74, 77, 171, 1%, 198 
E u ps3 iii in i d a e , 613 
Eu r ft', 333 
Eurhamphi isa, 0x3 
Eurypylou* canal 
Eury teles, 384, 38 
Eusmiliidae. 6*49 


» * _ t * • > r . 
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Eutpcrngia, 3-55 
Euiima, 413. 414, 41.5, 445 
Eutreptia, 100 
Eutrichoma&tiXy 113, 114 
Evolution, 4 
Exconjugants, 173 
Excretion, 3 

Cnidaria, 396, 421 
Ctenophora, 675 
Madreporaria, 614 
Porifera, 305 
Protozoa, 63-64 
Siphonophora. 479. 4 n 5 
Trypanosomes, 109 
Excretory pores, Ctenophora. *>57 
Hydromedusae, 396, 421 
Scyphozoa, 507 
Excystment, 70-71 
Exocoel, 568 
Exocvst, 70 

Exogenous budding. 73. 203, 204 
Exoskeleton, 279, 369 
Exumbrella, 373 
Eyes pot, Dinoflageliata. 93. 96 
Euglenoidina. S3 
Volvocales, 65, 66, 83 
tSee alto Ocellus : 



Facilitation, 598 
Family, 23. 24 

Forrta , 324 , 328 , 330 , 331. 332 , 333 


98. 
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Fascicled stem, 403, 406 
Fa via , 605, 606 . 611, 623 
Favidae, 610, 611, 615 
F antes , 611 
Favosites, 566 
Feather corals, 620 
Feeding behavior, Actiniaria, 594-595 
Ciliata, 179-ISO 
Cnidaria, 392-393 
Ctenophora, 6S9-690 
Hydra, 493 
Hydroida, 493 
Hydromedusae, 49.5-496 
Madreporaria, 613-614 
Porifera, 303-304 
Protozoa, 59 
Rhizopoda, 121-122 
Scyphozoa, 531, 534 
Festoon canal, 455, 458 
Feulgen test, 54, S6, 109 
Ficulina , 348 
F Helium, 425 

Filiform tentacles, 402, 404 
Filopod, 119 
Fission, 73 

Actiniaria, 590 
Ciliata, 172, 197, 198 
Ctenophora, 692 
Dinoflagellata, 95, 98 
Flagellata, 74 , SS, 89 
Hydra, 437 

Hydroida, 409, 440, 487 
Protozoa, 73, 74, 75 
Rhizopoda, 123, 125, 129, 130 
Trvpanosomes, 108 , 109 
Flabellidae, 609, 610 
FlabeUum , 605, 623 
Flagellar cords, 114 , 115 
Flagellata, 44, 46, 82-118 
behavior, 87-88 
bibliography, 216-221 
classification, 46 
history, 44 
morphology, 83-8-5 
nutrition, 58, 59, 60 , So 
phytogeny, 206, 248-250 
reproduction, 88-90 

Flagellate and sperm compared, 249, 261 
Flagellated band, 568, 672 
Flagellospore. 75 
Flagellum, S5-87 


Flame bulb, 36 
Float, 469, 472 , 479 

(See also Pneumatophore) 

Floricome, 328 , 329, 330 
F oettcngeria, 189, 190 
Folia , 683 

FoUiculina , 190 , 191 
Food, Actiniaria, 595-596 
Alcyonaria, 564 
Ciliata, 169-170 
Cnidaria, 392 
Ctenophora, 689 
Flagellata, 85 
Hydra, 438 

Hydroida, 448—449, 493 
Hydromedusae, 448-449 
Madreporaria, 614 
Porifera, 304 
Protozoa, 58-59 
Rhizopoda, 121 
Scyphozoa, 511, 515, 534-536 
Suctoria, 202 
Food cup, 121, 122 , 123 
Food discrimination, Cnidaria, 393, 595- 
596 

Protozoa, 123, 179-180 
Food vacuole, 51, 60 , 61 
Foraminifera, 47, 56, 74, 131-136, 206, 
617 

bibliography, 215 
Form, 18-21 
Forskalia , 470 , 475 
Fosse, 672 , 573 
Fossils ( see Palaeontology) 

Frenula, 513, 614 

Fresh-water medusa ( see Craspedacustai 

Fresh-water sponges (see Spongillidae'' 

Fringing reefs, 617, 618 

Fronds, 575, 676 

Frontonia, 49 , 165, 168 , 171, 1S8 

Frustule, 459, 461, 462 , 48/ 

Fungia , 605, 608, 609, 610 , 614, 623 

Fungian corals, 611 

Fungidae, 609, 611 

Funiculina , 559, 660 

Funiculinidae, 559 

Funnel, 471, 472 

G 

Galaxea, 604 , 611, 623 
Galeolaria , 473 
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Gal vano taxis, 67 
Hydroida, 493 
medusae, 495 
Protozoa, 68, 69, 123, 179 

Gamete, 75 
Gametocyte, 144 % 

Gametogenesis, 282 
Gamogony, 75, 144 
Gamont, 144 

Ganglion cells (see Nerve cells) 

Gas gland, 471, 472 
Gastr&ea, 250, 289, 633 
Gastraea theory, 15, 250, 252 
Gastric filaments, 392, 497, 501, 50S, 536 
Gastrodennal lamella, 422 
G&strodermis, 264, 367, 374, 378, 379-381 
Gastrodes , 680, 684, 688 , 689 
Gastropore, 450, 452 
Gastrostyla , 177, 196 
Gastrovascular cavity, 367, 538 
Gas tro vascular system, 266, 367, 392, 
500, 502, 667 
Gastrozooid, 407 
Gastnila, 250, 258, 260 
Gastrulation, 258, 260 
Gel, 1 

Gelation, 1 

in amoeboid movement, 120, 121 
Gemmaria , 388, 415, 416, 443 
Gemmule, 285, 307, 308, 309, 356 
Gene, 16-17 

Genetics, of Protozoa, 336, 339, 340, 34 1 
Genus, 22 

Geodia, 336, 339, 340, 341 
Geotaxis, 67 
Hydroida, 492 
Paramecium , 68, 179 
Germ cells, 281-282 
Germ layer theory, 268-272 
Germ layers, 259-260, 268-272 
Germ plasm theory, 254, 282 
Germ track, 282 
Germinal localization, 256 
Gcrv mia, 540, 549, 551 
Geryonia, 454, 455, 456, 457, 464 
Geryonidae, 261, 262, 464 
Giardia, 114, 115, 117 
Gland, 279 

Gland cells, 6, 278, 279 

Cnidaria, 374, 376, 378, 380, 381, 507, 
545, 583 


Gland cells. Hydra, 374, 378 
Pori! era, 294, 290 
Glaucoma. 59, 63. 182, 184, 18-8 
GUn/tdimum. 93. 94 
Gliding, gregarines, 58, 145 
Globidia, 47, 164 
GUadium, 164 
Globige^ina, 132, 134 
Gl'jbigtrina ooze. 130 
Glossina. carrier of trypanosomas 111 
Glossograpius, 496, 497 
Glugra. 162 
Glut inant.**, 3 S3, 384 
Glycogen, 10, 11, 53, 62 
Golgi apparatus, 9, 10, 50, 52, 64, 86 
Gonactxnia, 577. 678, 5 S3, 585, 590, 593 
Gonactiniidae, 585 
Gonangiurn, 425, 426 , 429 
Goniastraca, 611 

Gonionemus, 422, 455, 466, 457, 468, 460, 
461, 462, 495, 496 
Goniopora , 613 
Gonium y 102, 105 
Gonodendron, 467, 469, 470, 482 
Gonopalpon, 467, 470 
Gonophore, 412, 423-431, 432 
Gonosome, 423 

Gonotheca, 404, 407, 425, 426 
Gonothijraea, 428, 433, 434, 444 
Gonozooids, 373, 409, 423, 424, 42-3 
Gorgonaeea, 371, 543, 551-557, 565, 617, 
639, 640, 654 
Gorgonia, 654, 557 
Gorgonia ns see Gorgonaeea 
Gorgoniidae, 566, 557 
Gorgonin, 551, 553, 555 
Grafting, Ctcnophora, 692 
Hydroida, 490, 491—192 
GrammarUiy 425 
GrarUessa , 317 
Grantia , 310, 316, 317, 321 
GrarUiopsis, 294, 317 
Graptolites, 496, 497 
Great Barrier Reef of Australia, 617, 618 
Green hydra, 435, 448, 492 
Green Paramecium , 81, 171, 188 
Gregarina, 148, 147, 148, 149 
Gregarines, s<t Gn-garinida 
Gregarinida, 47, 50, 51, 14+149, 207 
bibliography, 221-222 
Gromut, 132, 134 
Ground substance, 2, 256 
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Growth, 3 

3uttula type, amoeba, 124, 125, 126 
Clvnnioblastea, 370, S98, 402, 405, 407, 
423, 435—443 
bibliography, 635 
Ciymnodiniidae, 93, 94, 96 
7 ymnodinium, 93, 94, 95, 96 
Ciymnostomata, 48, 60, 51, 183, 184 

H 

Hadromerina, 286, 287, 343, 344, 347, 
348, 349 

Haematoehrome, 83, 101, 102, 103 
Haemaiococcu s, 62, 83, 103 
Haemogregarxna , 151, 162, 207 
Haeraogrega rines, 151, 153, 207 
Haemoproteu s, 167, 158 
Haemosporidia, 47, 153-158, 207 
bibliography, 223 

Halcampa , 573, 579, 680, 586 

Halcampidae, 586 

Hale a m p aides , 678, 579, 586, 589 

Halcompoides stage, 589, 607, 639 

Halcampoididae, 586 

Halcurias, 579 

Haleeiidae, 444 

HaUcium , 403, 408, 425, 426, 445, 448 
Haleremita , 457, 462 
Halichondria, 345, 348 
Halichondrina, 286, 349 
Halidona , 360, 351 

Haliclystus, 498, 502, 509, 610, 511, 612, 
629, 530, 534, 535 
Halimocyathus, 511 
Halisarca , 333, 337, 339, 341, 343 
Halistaura , 450 

Halistemma , 386, 474, 475, 484 
Haloclava, 573, 579, 680, 586 
Halopsis, 445 
HaUeria , 192, 193 
Halteridium, 167, 158 

Haploid chromosome number, 14 
Haplosclerina, 286, 346, 347, 349, 351- 
352 

Haplosporidia, 47, 164 
bibliography, 224 
Haplozoon, 243, 244 
Haptophyra , 189 
Har enact is, 586, 590, 691 
Harpalocarcinus , 615 
Hartmanella, 127 


Heliactis , 590 
HeliofUgellicUe, 138, 306 
Heliopora , 551, 662, 617 
Heiiozoa, 47, GO, 136-138, 129, 206 
bibliography, 215 
Hemunixifl, 176, 177 
Hepalozoon , 160, 151 
Hermit crab, and anemones, 291, 691 , 
598-599 

and Hydr actinia, 410, 447 
and suberitid sponges, 305-206, 648 
and zoanthids, 625, 626 
Herpetomonadid&e, 109 
Herpetomonas, 108, 110 
Heter&xonia, 29, 267 
Heterochronism, 276 
Heterocyemids, 238, 239-240 
Heterodactyla , 669 

Heteromedusoid gonophore, 429, 466 
H eteromyenia, 352 
Heteronema, 84, 99 
Hetcrophrys, 137 
Heteropia , 317 
Heteropolar axis, 19, 372 
Heterostep hanus, 403, 411, 439, 440 
Heterotricha, 48, 190-193 
bibliography, 228 

Heteroxenia , 649, 551 
Hexacorallia, 371, 539 
{See also Zoantharia) 

Hexactine, 299, 327-330 
Hexactinellida, 286, 288, 324-334 
bibliography, 362-363 
ecology, 331, 332 
morphology, 325-326 
palaeontology, 334 
reproduction, 331, 332 
spiculation, 326-331 
Hexamita , 114, 115 
Hexaster, 327, 330 
Hexasterophora, 286, 328, 333 
HexideOa , 334, 339, 354 
Hippopodiidae, 473 
Hippopodius, 473 
Hippospongia, 354, 355 
Hircinia, 294, 352, 363, 354 
Holaxonia, 553, 557 
Holdfast, 400, 409, 412 
Holoblastic cleavage, 256, 257, 268 
Hologamy, 74, 75, 89, 99, 130, 138 
Hcdonuutigotoides , 117 
Holophytic nutrition. 58, 85 
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Holosticha , 196 
Holotricha, 47, 183-190 
bibliography, 22b- 227 
Holozoic nutrition, 58, 59 
Hopliiophyra , 189, 199 
ormot/i ta, 587 % 

Hormathiidae, 587 
Hormiphora, 665, 680 
Horny corals (see Gorge nacea ) 

Horny sponges (see Keratosa 
Hyalodiscus, 127 
Hyalonema, 305, 324 , 328 , 333 
Hyaloplasm, 2, 51 
Hyboeodon , 428 , 431, 443 
Hydra , 369, 435-440 
ancestry’, 635 
behavior, 492 
budding, 409 
cleavage of egg, 261 , 438 
digestion, 448-449 
ectocommensal cilia tes, 196, 389 
ectoparasitic amoeba, 129 
fission, 437—438 

histology', 374 , 376, 378 , 379, 380 , 394 , 
435-437 

morphology, 394 , 400, 435-437 
muscular system, 394 
nematocysts, 384 , 385, 380, 388 , 389 
nervous system, 394 , 411-413 
pedal disk, 394 , 437 
regeneration, 490 , 491. 632 
turned inside out, 632 
sexual reproduction. 261 , 431, 436 , 
438-440 

Hydractinia, 403. 409, 410 , 423, 425. 441 
443, 447, 490 , 491 
H ydramoet'Q , 129 
Hydrant h. 372, 400, 401 
Hydrichlhys, 373, 443, 446 , 447-448 
Hydridae, 435-439 
Hydrocaulus, 398 , 400, 403 
Hydrocladium, 407, 425 
Hydrocorallina , 450 
Hydroctena , 464, 468 , 693 
Hydroecium, 474 , 485 

Hydrogen ion (pH), in protozoan cul- 
tures, 182 

Hydroid type, 400—413 
Hy droid*, 370, 398 , 400-450 
behavior, 492-496 
bibliography, 642-647 
colony formation, 403-407 


Hvdroida, development, 133 43.. 

♦ 

digestion, 449 
ecologv, 435. 44 . > 4 -A > 
histology, 411, 417-423 
medusa formation, 42/ 451 
morphology, V H >-43 1 
muscular system , 411, 421 
nervous -y-t< m. 41 1 -413. 422, 425 
parasitism, 422 423 
phylogenv, 034- 636 
polymorphism , 407-409 
regeneration. 4S7 -492 
sexual reproduction, 427, 431 -43. » 
solitary types, 409-411 

svst'*mati‘* aeroiiht, 43> 445 

Hvdr«*id> .»> Hvlnnda 
^ * 

Hvdromedusae, 413- 423, 454 467 
asexual reproduction, 431. 443 
487 


159, 


behavior, 493-496 
development, 431-435, 457 -459 
digestion, 449-450 
ecology, 448-450 

formation from gonophorcs, 423 431 
gastro vascular sy.-tem, 413 
morphology, 4 13-4 ‘23. 4 54-459 
musculature, 421 
nervous svst« in, 422 42-3 


regeneration, 492 
sens* * « » rg r* n s . 115 -42 1 
sexual n pr/ehn-tiMi,. 431 435. 157 459 
.S» / alfift Ant f,< 6 
du>ae; Tra<h ylina 
Hydrophy Ilia. 469 
Hydrorhiz.** 398 , 400 
Hydn.rhizui colonies, 403, 404 , 406 
Hydrotheeu. 401 , 402. 407 
Hydrozoa, 369, 372, 400-497 
asexual reproduction, 403 407, 431, 
443, 4, >9, 487 
behavior, 492-496 
bibliography, 642-049 
definition. 400 
digestion. 449—450. 4 So 
ecology, 435, 445-450, 4M 4 85 
histology', 411, 417-423 
morphology, 400-43 1 
palaeontology, 496 , 497 
phylogenv, 634-636 
physiology, 448-450 
polymorphism, 48-5—487 
regeneration, 489 492 



w w 


'A 


1 12 THE IS VERTEBRATES: PROTOZOA THROUGH CTKNQPBOHA 



457 - 459 . 481-483 


J icHJi -ju.C 4' 


wa: of oriers. 455-485 


rA. 46. Ui 117-115 



374, STB, 400 


€0, 166, 167, 169. 179 


--“K5 






KiImut. 110 
Kurokmeas. 12 


184, 189 

LT^iLidae. 579. Sa6 
* 

571 556 

I"on*Iirr c« Prcioica, 177-178 


Kaxyolmeuc fignc, 10, 13 
Kaiyolymph, 8 

Karyodyrm^ 151 
Kairopbsmic ratio, 5, 54 
Kirrosome, 8 
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Leptodiscus , 97 
Leptomedusae, 370, 445 
Leptomonas , 110 

Leplomonas stage of trypanosomes, 108, 

109 

Leptotheca , 160, 161 ^ 

Leucalt is , 317, 318 
Leucandra ( see Leuconia) 

Leucascus , 317 
Leucelta, 319 

LeuciUa , 316, 317, 318, 319 
Leuckar tiara , 413, 414, 416, 417, 443 
Leucocytozoon, 167, 158 
Leuconia , 294, 318, 319, 323 
Leuconoid structure, 290, 292—293 
Leucophry8 f 173 
Leucoplast, 9 
Leu co sin, 53, 90, 91 

Leuco8olenia t 294, 313, 314, 315, 320, 
321-323 

Leucothoe y 682, 683 
Lichnophora f 192, 193 
Lieberkuhnia, 134 

Limax type, amoeba, 120, 124, 125, 126 

Limbus, 672, 575 

LimnactiniCj 373, 571, 586 

Limnetic, 79 

Limnocnida, 461 

Linin, 8 

Linuche t 517, 618, 519 
Lionotu8 y 184, 185 
Lipkea , 610, 511 
Liriope, 454, 457, 464, 466 
Lithistid skeleton, 299, 341, 342 
Lithistida, 341 
Lithocyte, 419, 454, 457 
Lithostyle, 457, 460 
Littoral, 80 

Liver, siphonopbores, 396, 479, 482 
Lizzia , 374, 378, 431, 442, 443, 448 
Lobata, 663, 668, 669, 675, 679-683, 689 
Lobophyion , 550, 551 
Lobopod, 119, 124 
Lobosa, 46, 47, 66, 78, 79, 123-131 
bibliography, 213-215 
Lobose type of pseudopod, 124, 125 
Locomotion, Protozoa, 58 
Loculi, 602, 604, 605 
LohmaneUa t 244 
Longitudinal axis, 19, 20 
Lophohdia, 610, 616 
Lophomonasy 116, 117 


Lop hop ho re, 34 
Lorifera, 528 
Lotie habitats, 80 
Lovenclla , 442, 444 
Loxodes , 54, 184, 1 8- > 

LoxophyUum t 10o, 168, 185 
Lucernaria , 509, 610, 511, 629, o30, .m 3 l 
Lucemariida, 371, 508 

(See also Stauromedusae) 

Lychnise, 332, 333 

Lyssaeine skeleton, 328, 330, 331, 333 

M 

Machozooid, 409 
Maerocnemc, 577 

Macroenemous septal arrangement, 622, 
623-624 

Macroconjugazit, 174, 176, 201 
Macrogamete, 76 
Macronucleus, 54, 77, 171-172 
Macrosepta, 568, 623 
Macroapironympha, 117 
Madreporay 612, 613, 618 
Mad repo raria, 372, 386, 599-620 
asexual reproduction, 605, 607, 609 
behavior, 613-615 
bibliography, 658—660 
development, 607-009 
ecology, 613-620 
histology, 002 
morphology, 599-007 
nematorysts, 602 
palaeontology, 620-623 
phylogenv, 639 
reefs, 615-620 

sexual reproduction, 007 4V09 
systematic account, 609-4113 
Malaria, 153-156, 167 
MallomonaSy 90, 91 
Manubrium, 373, 400, 413, 414 
Margelidae, 443 
MargelopsiSy 415, 441, 443 
Mastigamoebay 118, 119 
MastigelLiy 118 

MastigiaSy 626, 527, 528 
Mastigina, 118 
Mastigophora, 45 

(Sec also Flagellata) 

Mastigophores, 384 , 385, 38fl 
Maturation divisions, 13, 14, 282 
Meandra, 611, 612 
Meandrinay 611, 612 
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Meandrine corals. 605. 611 
Mechanistic Theory. 17 
MwnidU, 428, 433 


Medusa. 366. 36$. 372, 373 
Sec aim Hy.; 
Trschviina 



J/tcrafeydro, 373, 457, 461, 48ft, QS, Oft 
Mieromeristic theories, 16 
Mkromideus, 54, 171-172 
in conjugation, 173-174 

in fission, 170, 172 
function, 172 



Mekxsis. 14 


In Sporoios. 144 
yftiicert * wa. 445. 449 
Mdii&de*. 555 
Melixodiidse. 555 

Membranelks. 166. 167, ISO, 191, 1S2 


Merc zone. 144 
MertensuL, 622. 679, 680 


■See also Septa) 

Mesoderm. 266. 268, 270 
Meeodoea, 295, 367, 381, 382. 422, 545 
Mesolamefla, 381 



Mkrosporidia, 162, 163 
bibliography, 224 
MicratkorajL, 184, 188 
MOiohdae, 132, 134 
\fUUpm, 450-452, 46ft, 617 
Milleporina, 370. 384. 386, 392, 450-452 
bibliography, 647 
Mdne-Edwardsia, 586 
Minyadidae, 575, 676, 584, 586 
Mitochondria. 6, 8, 60, 52 
Mitosis, 12-14 

Cilia ta, 170, 172, 174, 203 
FlageOata. 88-89, 96, 99, 108, 109, 117 
Protozoa, 71—73 


Mesozoa. 32. 35. 233-247 
bibliography. 247 
Metabolic gradient theory. 11, 492 
Metabolism. 3 
Met&cnemes. 589 
Metagastraea. 634-636 
Metagenesis. 367, 486— 487 
Metamere. 30 
Metamerism. 30 
Metamorphosis. 255 
Metacephridia. 37 
Metaplasm. 5. 11 
Metasepta. 628. 630, 631 
Metazoa. 29. 32. 248-255 


Mitotic figure, 10, 13 

MitrocomO' 419, 420, 445, 448 

Mitiooomidae, 445 

Mixotrophie nutrition, 58, 59 

Mnemiopsis* 668, 681, 683, 689-690, 692 

Mnatra, 443, 446, 448 

Modifiability, 34 

Monads. GO, 106, 107 

Monas, GO, 106, 107 

Monaxon spicules, 297 
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Mttopus. ISO, 193 
Metndiidae. 587 
\f ftriAi***, 399. 66S, 
590 


\f 





Monocysiis, 60, 146, 147 
Mooophyidae, 473, 4T4 
Monopodial growth, 3S8, 403, 


405, 407, 



Monossphonic, 403 




Mr 

\( ir*‘>r, 


174, 176, 301 
239. 240, 241 


M’.eroeamete, 76 


Monti par*, 613 
Morula, 233 , 250, 259, 261 
Morukadea, 233 


INDEX 
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Mosaic development, 677, 680 
Mosquito, in malaria, 153-156 
Motility, 3 

Motorium, 65, 66, 169 

Mouth arms, 524 

Mrazekia , 162, 163 

Muggiaea, 473, 474 * 

Multicellular, 4 

Multinuclearity, Protozoa, 54 

Multiple fission, 73, 74, 75 

Multipolar digression, 261, 262, 433, 434 

Muriceidae, 666, 557 
Muscle cells, 182 

Cnidaria, 377, 378, 3*9, 395 
Ctenophora, 674, 675 
Porifera, 294 , 296 

Muscular system, Act inia r ia, 581—583 
Alcyonaria, 545 
Cnidaria, 393, 304, 633 
Ctenophora, 675 
Hydroida, 411, 421, 455 
Madreporaria, 602 
Scyphozoa, 395, 503 


Mus&a, 611 
Mussidae, 610, 611 
Mutualism, 81 


Mycale, 310 , 360 , 351, 356 
Mycetozoa, 127 
Myenia , 352 
Myocyte, 145, 294 , 296 
Myonemes, 6 , 9, 60 , 51 
Ciliata, 166 , 169 
Cnidaria, 374 , 376 , 378 
Gregarinida, 145 
Myriothelot 411, 435, 439 , 440 
Myriothelidae, 440 
Myxidium , 160 , 161 

MyxiUa , 360 , 351 
Myxobolus , 160 , 161, 162 
Mvxomvcetes, 127 

«r 9 

Myxospongida , 2S6, 334, 336, 337, 339 
Myxospo ridia , 47, 159-162 
bibliography, 223 



Naeglrria , 127 
Naked Lobosa, 125-129 
Narcomedusae, 370, 385, 454—159, 464- 
467 

N&ssell&ria, 140 , 143 
Nassula, 184 , 185 


Nausitr.oe, 502, 51*. 618 , 519, 620 , 

Xcbcla. 131 
Xtc-.alia, 475, 478 
Xectocalyx, 469 
Xectophore, 469, 470 
Nec'tosome, 475 
Nekton, 79 
Nerna. 497 

Xemathybomes, 573, 674 
Xematocysts, 368 , 369, 376, 381-392 
Actinia ria, 5S4 
Alcyonaria, 544 
Antipat ha ria. 625 
Calyptoblastca. 445 
Ceriantharia, 630 
depots, 415, 417 , 41S, 468 , 460 
development, 387 
discharge, 388 , 389-390 
Gymnobiastea, 443 
Madreporaria, 602 
Milleporina, 452 
Scyphozoa, 501-503 
Siphonophora, 473 
size, 3S6 
Stvlasterina, 454 
toxin, 391-392 
Trachylina, 455, 468 
types of, 383-386 
Zoanthidea, 624 
Nematocyte <set Cnidoblast,; 

Nematogen, 234, 235—237 
Xematophore-s. 408 , 409. 410 , 416 
Xematosphere, 571 

Nematothecae. 404 , 406 , 408 , 409. 410 

Xeospo ridia, 144 

X’eoteny, 275 

XeoiurT-is, 422 , 443 

Xephthyidae, 640 , 549 , 551 

Neptune’s goblet, 287 , 343 

S eresheimeria, 244 

Xeritic, 80 

Xerve cells, 2S2 

Cnidaria, 377, 378 , 380 , 394 , 396 
Ctenophora, 675, 676 
Xerve net, 397, 413. 598-599 
Xerve plexus, Cnidaria, 377. 380 , 396-399 
Nerve rings, medusae, 422 , 423 
Xervous system. Actiniaria, 394 , 583 
596-599 

Alcvonaria, 545-546 
* * 

Ceriantharia, 630 




<16 THE IS' VERTEBRA TBS: PROTOZOA THROUGH CTE HOP BORA 


Nervous system, Cnidsri*, 3W. 396-399, 
4] 1-413. 422-423. 633 
Ctenophora, 675, 691-692 
Hydroida, 411 
Hvdromedusae, 422, 423 
Madreporaria, 602 
Scyphoioa, 604, 505 
Nettle ring, 421, 455 
Neurite, 281 
N euro fibrils, 9, 10 

Neuromotor apparatus, Protoioa, 64-66, 
167-169 
Neuston, 80 
.Voddiwa, 95—97 
Xodosaria, 132, 134 
Nodosaroid shell, 131, 132 
.V omeu&, 485 
Xosema, 162, 163 
Nuclear membrane, 7 
Nuclear sap, 7, 8 
KucUariOj 127 
Nucleolus, 8 

Nucleus, 5, 6 , 7, 8 , 53-55, 77 
Nuda, 663 
Nummulites, 136 
Nutrition, 58-62, 85 
(See also Food) 

Nutritive muscular cells, 374, 378, 379 
K% itiaXLia, 158 
N ycLoOurus, 10, 193 
Nynantheae, 585-587 


0 

Obdia, hydioid, 401, 425, 426, 444 
medusa, 413, 420, 445, 446 
Oceania, 443, 448 
Ocellar bulb, 415 

(See also Tentacular bulbil 

Ocelli 415, 417-419, 495, 505, 606, 513, 
515, 616 

Oekromonas, 90, 91 
Octocorallia, 539 

(See also Alcyonaria) 

Oculina, 605, 606, 61C 
Ocuiinidae . 609 
Ocyroe, 683 
Ocyropsis , 683 
Oiigomera, 31 
Oligotricha, 48, 193-196 
bibliography, 229 


OUndim*, 461, 466 
Otincbdae, 455, 458-41 1 
Ohndundes, 461 
Ol yn thus, 330, tH 333 
Omnsion, 276 


Ontogeny, 255 
Onyckodrowuu, 194, 196 
Oocyst, 144, 149 
Ookinete, 144, 155, 159 
OdnauUs, 443 
Oospore, 76 
Opalina, 54, 183, 184 
Opalinids, 207 
Opercularui. , 198, 199 

Operculum, of hydroid thecae, 402, 404 , 
444 


of nematocysts, 382 
OpkryoeyttU , 147, 148 
Ophryodendror^ 203, 304 
Ophiyoeeolecidae, 60, 51, 165, 171, 
173-174, 176, 193-196 
Opkryoscalex, 60, 195 
Oral arms, 500, 519 

Oral disk, 372, 395,538,539,566,570-671 

Oral groove, 170 

Oral lobe, 668 , 669 

OrbuxOa , 606, 611, 612, 623 

Orbicellidae, 609, 611 

Organ, 276 

Organ-pipe coral, 646, 548 
Organelles, 45 


2111 


Organism, 1, 14-18 
Organisation, 2-4, 17 
of egg, 16 
Organoids, 5 

Orthonectida, 233, 241, 242-243 
Ortkopyris, 425, 428, 433, 444 
OscartiUs, 334, 338, 339 
Osculum, 288 


Ostia, 289 

Otoporpae, 455, 466, 468, 464 

OulangiOy 610 
Opactis f 632 
Ovocyte, 282 


Ovogonia, 282 
Oxea, 297, 298 
Oxidation, 3 
Oxyaster, 298, 299 
Orytncha, 182, 196 


V- 


iSDE A 


PachastreUa, 340, 341 
Pack yceriartfh us r 632 
Pachychalina. 351 
Paedogamy, 75, 161 
Palaeontology, Alcyc 


Pa -ape yton, 645 
Paraplasm, 5, 17 
Parasit:: amoeba?. 127-129 
P .* r :i.5 i ’ i c & n c m « • e 


•e^VLiC*. >T< 


. » 


565—566 


Hexactinellida f 334 


P - ra ? : : i e cilia r . e,s . 1 8 9 . 1 93 - 1 96 
Parasitic c“eno: 689 
Paras it i dinotia ee.:a tes 93. 96 
Pa ra,s: * i •:• fla e*: I 1 i **--'■ 1 99- 1 1 S 
Piri'iVi 1 ' hvdrc. 44 » — 148 

Parasite'* nedra-a. 443, 44 ^ 


Madreporaria, 620-623 

P ; r,;9'5 *-«•. ^2 

X ^ • W 

Monaxonida, 352 

.w aho L ; ''opar:v*i!iSfL 

Tetracoralla, 620-621 

r. •* 4 ^ T ^ ' 

i / i — *•— * - > - » - - 

Tetractinellida, 343 

Parasty-e, 57. 87 

Scyphozoa, 537-538 

Parazoa, 30. 33. 266. 284 

Palaeozoanthus , 624 

Pa -c-r/w r : * *. a--? . 62 5 

Pali, 603, 604 

Pa re rich vr::. a. 28*6 2' *5 

Palin genetic characters, 272 

Parvnchvrrad. *. 328. 329 

Palmella state, 88 , 91, 101, 102 

P^r<rn<-:. 2’2. 320, 322. 31 

Palpon, 467 

Pa-e.*p;-*Ua. 360, 351 

Pamphagus , 131 

Particulate theories. 16 

Pandorina, 104, 105 

Pat*: Ui no, 134, 13-5 

Pansporoblast, 160, 161 

Paroniu. 611 

Pan tost omatida, 46 

PtG’‘ r \>z . 573. 676, 586. 5S7 

Parabasal body, 57, 86 , 115 

Pedal cv?t , 52 S 
_ 

Paradneta, 203, 204 

Pedal disk, 372. 374, 376, 394, 

Paradinium , 244 

43#, ** 6 t>. ■* * 5 

Paragorgia , 547, 555 

Penial la -‘era? ion, 596 

Paramecium. 10, 81, 170, 185-188 

Peialia. 500. 503, 513, 614, 534 

behavior, 65, 68 , 69, 179-181 

Poi ifidr. 413, 44c. o-j • 

clones, 79, 177, 17S 

Peg'zr.zbi. 463. 464 

conjugation, 76, 173, 174, 175 

Pdagia. 380, 388. 399. 502, 

encystment. 188 

623, 524. 537 


endomixis. 176-177 
excretion, 63 
fission, 13, 177-178 
fission rhythm, 178 
food vacuoles, 60, 61 
hereditary alteration, 79 
neuromotor system, 66 , 186 
pellicular structure, 50, 165, 166, 186 
respiration, 62 
sterile culture, 59, 188 
trichocysts, 165, 168, 1S6 
vacuolar apparatus, 64, 171, 1S6-1S7 
Pa rain ere, 19 
Paramitosis, 7 f 71 
Par amoeba, 127 

Paramylum , 10, 11 , 53. 100, 101 

Par anti pal he 625 

Parapet, 566, 573, 573 
ParapheUia. 587 


Pelagic. 79 
Pelae.iae, 521 
Pilacobyi~2. 441. 442, 443 
Pellicle. 49. 50, S3. 164-165. 166 
Pdmatohyd^a. 435. 436, 437, 43S 
Pdorr 0 za. 54. 122, 127. 128 
P+ritToph*. 74 
Penetrants. 384, 365 
Peniedli, 584 

Ptn*\*ria % hydro id. 374. 401, H}'2 

406, 423. 440. 63-5 

medusa. 414, 415. 441. 4 43 

Pennariidae. 440 

Prr.fi/xj . 5.59. 660. 663, 5* 4 

Pennatulacea. 371. 543. 544, '57 ■' 

h i *; 1 1 os raid, v . 6 54 -655 

• ^ 

phyloger.y, 639, 640 
Peniiat’jiidae, 5 “ y 
Pennicul as, 166, 1ST 
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Pleurotrieha, 170 
Plexaundae. 552, 556, -35 / 

Plumicome. 328, 329, 330 
Plumularia, 406, 408, 425, 426, 432, 445. 

44S 

Plumulariidae, 402, 404, 405, 40 i , 408, 
409, 425, 435, 444, 445. 447, 635 
Pneumatocodon, 469. 472 
Pneumatophore. 469, 472, 479. 481 
Pneumatosaccus. 469. 472 
Pocillopora , 610, 612, 623 
Podocyst, 528 
Podophrya, 203, 205 
Poeeiloselerins, 286, 287, 3-*9 
Polar cape, 57 
Polar capeules, 159-162 
Polar fields. 606, 664, 669 
Polarity, 4, 11, 20 

in hydroid development, 435 
in hydroid regeneration, 4S9-492 
Polyene rgid nucleus. 138 
Polyenergid theory. .54 
Polykrikos, 93, 96 
Polymastia, 343, 344, 349 
Polymastigina, 46, 57, 89, 113—117 
bibliography, 220 
Polymera, 31 

Polymorphism, Cnidaria. 366-367, 407- 
409, 467, 4S5-4S7 
trypanosomes, 108, 109-110 
Polyorchis , 442, 445 
Polyp, 366, 368, 372-373. 53S, 566 
Polypodium , 369. 464—167, 468 
Polypoid form, 400-413 
in Siphonophora, 467 
Poiysiphonic stem, 403. 406 
Polystomella (see El phi di urn 
Polytoma, 58, 102 
PolytomeUa, 70, 103 
Polyzoa, 117 

Porifera, 33, 264, 266, 284-364 

asexual reproduction. 307-311. 356 
bibliography, 360-364 
characters, 284-2S5 
classification, 28.5-286 
commensal is in , 305-306 
definite i n. 284 
ecology, 305-307 
excretion, 305 
histology, 293-296. 355 
individuality, 312 
morphology, 286-358 
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337- 

339. 3 ? 3 - 
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*>96 - 


32^ 35 i 


330, 337-339 
Po-i '?*«. 6)1. 60S. h 1 3 
Por:-. yte. 289. 293 . 294 
Po~vi<a. 396. 4-7. P-9. 479. 480 

P‘ »r*‘ ir -v*--. 1 r: : ir *" P*.y-i i 'ih‘i 

Po>:~i'.'*.. 287. 315. 34y 
Pvttsza. 204 2*».5 
Po.*:r*‘\z . 6*5. 96 
P-a\"z, 473. 476 
Prayldae. 473 

Pro forr : a r . : • > r. . 1 5- 1 6 

Primnoiia*. 556, '57 
Pro^y^rida^'t’j-Ia, 443. 444 
Profundal, SO 
Pro locuS us. 133 
Prolongation. 274 
pr^.yio^ % 165. 168, 170. 173. 185 
Prosodus. 290, 292 
Prosopyl*. 291 
Prostats. 328, 329 

Prosa^hea, 577. 678, 580, 5>l • 5<3 
592 

Pr o tan 7 h ea e . 5 v> 

Ptvit jx-^nia. 25*. ‘267 
P rrA .*>: « ’ v: . 153. I 56 
P w ‘&:-o”-..yj 2‘. 84 
Pr-yUrospr- 107. 108, 2-52 
Protoeiliata. 47, 1S3. 184 
bibliography, 226 
Pn: >?oe n ernes. .589. 601 
Protohydra, 373, 402. 4<>9. 431 439. 4V» 
446 


V) 


Protomerite, 149 

Protomonadina. 46. 84, 106. P‘7 !13 

bibliography, 2 1 9- 220 

Protom'jX* 3. 131 
Protomyxidea, 127 
Protonephridia, 36 
Protoopalxrui, ls3. 184 
Protoplasm. 1. 2 5 
Protosepia. 628. 630, 631 
Protoetomia, 30-32 
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*roto*oa, 44-232 
asexual reproduction, 73-75 
behavior. 67-69. 87-88, 121-123, 179-181 

bibliography. 208-232 
characters, 45 
classification, 46-4S 

culture medium, 181-183 

definition, 45 

ecology, SO— $2 

encyst men t, 69-71 

excretion, 63-64 

generics, 77-79 

history, 44-45 

kinetic elements, 56-58, 86 

morphology, 4S-58 

neuromotor system, 64-67, 167-169 

nucleus, 53-55 

in division, 71-73, S8-90 
phylogeny, 205-208 
physiology, 58-71, 121-122, 178-183 
regeneration, 77, 78 
sexual reproduction, 75-77, 145-146, 
149, 155 

Protrichocvsts, 165 
Protrochula, 31, 694 
^seudicyema, 234, 235, 236 
Pseudoacrorhagi, 575, 676 
Pseud ocoei, 33, 35 
Pseudocoelomate animals, 35 
Pseudomanubrium , 414, 445, 454, 466 
Pseudopodia, 58, 119-120 
Pseudopodiospore, 75 
Pseu dost ratified epithelium, 277 
Pseudo tentacles, 575, 676 
Pseudotheca, 603 

Psychic property of protoplasm, 3, 4 
°*erocfpkal us, 146 
Ptrrodaet i, 384 

A 

°trroexdes, 559 
Pteroeididae, 559, 561 
Ptyehogena, 445 
Pure line, 77 
Pusule system, 92, 94 
Pylome, 129 
Pyrenoid. 51, 62, 83, 84 
Pyrsonympha, 114, 115 
Pyxieola, 201 
Pyzidium, 199 

Q 

QaadruUiy 131 

Otuadrulus, 166, 187 


R 

Racemose branching, 405 

Rachis, 557 

Radial canal, 373, 413 

Radial cleavage, 257, 268 

Radial symmetry, 19, 267, 372, 413 

Radiata, 30, 33, 266-268, 365, 366, 633. 

662 

RadUOa , 343, 344 

Radiobilateral symmetry, 368, 372, 570 
Radiolaria, 47, 56, 138-143, 206 
bibliography, 216 
Radiolarian ooze, 143 
Radiosa type, amoeba, 124, 125, 126 
Raphides, 344 
Raphidocystis , 60, 139 
Rat aria, 481, 484 
Rathkea, 431, 442, 443 
Recapitulation, 272-276 
Red coral (see CoraUium) 

Reduction, 307, 308, 530 
of chromosomes, 14, 76 
Reflexes, Cnidaria, 399, 493, 495, 533* 

597-598 
Regeneration, 4 
Actmiaria, 590-592 
Alcyonaria, 565 
CerianihuSy 632 
Ctenophora, 692 
Hydroida, 489-492 
Hydromedusae, 492 
Madieporaria, 614 
Protozoa, 77—78 
Scyphozoa, 629, 530-531 
Regeneration field, Protozoa, 77, 78 
Rejuvenation, Protozoa, 178 
RemtrOj 310, 311, 351 
Renierine skeleton, 346, 347, 351 
RcniUa, 399, 668, 559, 561, 562, 663, 564, 

565 

Renillidae, 559 
Reproduction, 34 

( See also Asexual reproduction; 

Sexual reproduction) 
Reproductive tissue, 276, 281—282 
Respiration, 3 
Actmiaria, 596 
Cnidaria, 395-396 
Ctenophora, 693 
Madieporaria, 614 
Puifera, 304-30? 
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Scyphosoa, 536 

Retsoolopod, 112, 119, 121, 131 
Bpmwtw m bodies, Hydroida, 491 

Pprifera , 307 
RkaMoealyjduSj 333, 334 
BhabdadenneBoj 314, 317, 319 
Bhabdome, 297 
Khabdoeome, 497 
Rhabdostyia, 199 
Rhabds, 297, 298 
Hhag nii , 293, 334, 335, 341 


RkmuBporidium, 164 
EMpidodendnmj 106, 107 
Khnocaolome, 403, 406 
Rhixoiiiastignia, 46, 118, 119 
trihliogr&phy, 221 
Bbnome, 400 

Bhizophysoi 471, 472, 473, 479, 480 
Hbuophysaliae, 473, 475, 479, 480 
Rhinpiast, 57, 86 
BUmpoda, 118—143 

amoeboid movement, 119-121 
behavior, 121-123 

bibliography, 212-216 

characters, 118-119 
classification, 46-47 
definition, 118 

phytogeny, 206 
systematic account, 123-143 
SUuaawtomOy 380, 382, 604, 505, 524, 


W n a owtomeae, 371, 500, 503, 507, 524- 


Sagoriia, 378, 384, 573, I 
590, 599 

Sagartiidae, 667, 587 , 590 
SalineUoy 244, 245 
Salts of medusae, 536-537 
of protoplasm, 2, 3 
Sanidasters, 297, 298 
Sapropelic, 80 
Saprosoic nutrition, 58, 59 
Sarcocyst, 164 
Sarcoeysti*, 163, 164 
Sareodutyan^ 548 
S&rcodina (see Rhisopoda, 
Sarcophytotiy 549, 550, 551 
Sarcoeporidia, 47, 162-164 
bibliography, 224 
Sarcostyle, 409 
SarstOy 413, 414, 415, 418, 
443, 450, 495 
Saaa k ieUd , 511 
Scapulets, 524, 626, 527 
Scapulua, 573, 674 
Sc&pus, 669, 672, 573, 674 
Sc h eUac ku ij 151, 153 
Schizocoel, 34, 36 
& ehizoeystiSj 147, 148 
Schizogony, 75, 144 
Schisogregarines, 147, 148, 
8chizont, 144 
Schisopathes, 625 
Sckizotrickoy 44 5 


Sderaxonia, 553, 557 
Sderite, 296, 369 
Scleroblast, 295, 300, 301 
Scleroprotein, 354 
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Scyphozoa, classifimi ion, 370-371 
definition, 497 

development, 507, 511, 519, 521-524 
528 

histology, 507-508 
morphology, 499-508 
palaeontology, 537-538 
phylogenv, 636-637 
physiology, 396, 534-537 
regeneration, 530-531 
sexual reproduction, 507 
systematic account, 508-528 
Scytomonas , 99 
Sea anemones ( see Actiniaria) 

Sea fan, 551, 553, 654, 557 

Sea feather, 551 

Sea pansy ( see Renilla) 

Sea pen, 559 

(See also Pennatula) 

Sea walnut, 663 
Sea wasp, 515 
Sea whip, 551, 666 
Secretion, 3 
Segment, 20 
Segmentation, 20 
of egg, 256-259 
Selenococcidium , 148, 207 
Semaeostomeae, 371, 498, 500, 602, 503, 
604, 505, 507, 519-524, 526, 535 
bibliography, 651-652 
phylogeny, 637 

Sensory bristles, Protozoa, 65, 66 
Sensory cells, 278, 279, 380, 381 
Sensory epithelium, 377, 380, 420, 421 
Sensory nerve cells, 278, 279, 377, 378, 
380, 381, 572 

Sensory pits, rhopalium, 604, 505, 506 
Septa, 373, 538, 539 

S eptal filaments . 392, 396, 538, 541, 568, 
672T58l7622, 624, 630 
Seriatopora , 610, 623 
Seriatoporidae, 609, 610, 615 
Sertidarella y 404, 432, 434, 444, 448 
Sertidaria , 408, 410, 425, 426, 444, 446, 

448 

Sertulariidae, 402, 404, 407, 408, 411, 444, 
449, 635 

Sexual reproduction, 4 
Actiniaria, 587-589 
Alcyonaria, 562-564 
Ctenophora, 677-680 
Hydroida, 427, 431-435, 457-459 


Sexual reproduction, Madre { »onirwi t 607. 
608 

Porifera, 311-312, 321-323, 356-358 
Protozoa, 75-77, 103-105, 145-146, 
149, 155 

Scyphozoa, 507, 511, 519, 521-524, 528 
Siphonophora, 481-483 
Trachylina, 457-459 
Zoanthidea, 624-525 
Shelled Lobosa, 129-131 
Shells, of Protozoa, 55-56 
Sicula, 497 

Siderastraea , 600, 601, 608, 609, 611, 612 
Sigma, 297, 298 
Sigmatophora, 286, 339, 341 
Silicoblast, 296, 300, 301 
Silicoflagollidae, 90, 91 
Silver-line system, Protozoa, 169 
Simulium , carrier of Leucocytozoon , 158 
Siphon, 467 

Siphonoglyph, 368, 373, 538, 539, 640 , 
544, 575-577 
Siphonogorgiidae, 551 
Siphonophora, 370, 384, 385, 386, 392, 
396, 421, 467-485 
bibliography, 648-649 
phylogeny, 636 
Siphonosome, 475 

Siphonozooid, 373, 543, 649, 668, 561 
Slabberia y 441 

Soft corals (see Alcyonaria) 

Sol, 1 

Sol-gel theory, amoeboid movement, 121 
Solation, 1 
Solenia, 541 
Solenocaulon t 555 
Solenocyte, 37 
Solitary corals, 605, 609 
Solitary hy droids, 409—411, 440, 441 
Solmaridae, 464 
Solmaris , 464 
Solmissus , 464, 466 
Solmundella, 464 
Somatocyst, 471 
Sanderia, 521 
Spadix, 424, 426, 429, 432 
Spathidium , 176, 178 
Species, 22 
number of, 25 
Spermatid, 282 
Spermatogenesis, 28? 

Sphaeromes, 669, 57; 
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Sphaerorxectes , 473 
Sphuerophrya , 203 
Spkaeroziium. 142, 143 
Sphecio&ponyuj, 305. 343 
Spherasters. 298, 299, 339, 340 

Spherical symmetry, 19 
Spicules, Alcyonaria, 5*50 
Pennatulacea, 561 

Porifera, 2S5, 296—301, 312-313, 314, 
327-331, 337-339, 345-34 S 
Spiculin, 327 
Spindle, 13 
Spinipora , 452, 453 
Spiral cleavage, 257, 258 
Spiral zooids, Hydraciinia , 409, 410 
SpiraMrella , 348, 349 
Spirochona , 200, 202 
Spirocysts, 3S2, 384, 390, 5S4 
Spirostomum , 62, 63, 65, 77, 169, 171, 181, 
191, 192 

Spirotricha, 48, 190, 191-196 
Spirula, 584 
Spondylomorum , 105 
Spongia , 354, 355 
Spongicola , 519 
Spongidae, 355 
Spongilla , 310, 352 

SpongillicLae, 285, 294, 295, 309, 343, 351— 
352, 3*56-358, 360 
Spongin, 300, 345, 346, 3*54 
Spongin spicules, 354 
Spongioblast, 301, 354 
S pongioder ma y 555 
Spongocoel, 2SS 
Sporadipordy 452 

Spore, 75, 143, 144, 147, 148, 160, 161 
Spo rob last, 139 
Sporogony, 75, 144 
Spo ro sacs, 429, 441 
Sporozoa, 47, 143-164 
bibliography, 221-224 
definition, 143 
phylogeny, 207 
Sporozoite, 144 
Sporulation, 74, 75 
Spurn ellaria, 140, 142, 143 
Statocyst, Cnidaria, 415, 419, 420, 457, 
468, 460, 495, 604, 505, 606, 533 
Ctenophora, 665, 666, 667-668 
Statolith, 419, 457 
Stauractine, 327, 330 
Staundia, 442, 443 


urocolypt'^, 324, 333, 334 
Stauromedusao. 371, 498, 499. -»o] 502, 

.503, .50 5. 508-51 2, 52 v 529, 5:ti». >3'. 

bibliography, 650 
phylogeny, 637 
$tau r ophorciy 445 
St* • Ti-*!rupiGy 415, 416, 441 
SUlUtta, 341 

St e no teles, 384, 385. 386. 38 8, 391 
SUniofy 6, .54, 77, 166, 169, 171. ISO, 190, 

191 


Sttphalu. i, 478, 479 
pharuunia, 475, 4v4 

>[* phan*, nympho, 1 17 

Sir pha Ur > p h y» 47 3 

Su pha nosey ph -i.f, .5 1 9, 620 
Stereiddastula, 233, 259, 261 
Sterf-ogastmla, 261, 2-52, 261, 262 
Sterile culture*, Protozoa, 59 
Sterrastcr, 298, 2 99, 339, 340 
Stichodactyline anemones, 669, 571, 584. 
586, 639 

St\chopath€*y 625, 626 

Stigma, 65 

StCKchorthrumy 242 

Stoichactidae, 5S6 

StoichactUy 669, 58*5, 586 

Stolon. 372, 400, 4S9 

Stolonifera. 371, 541, 646, .547-54S 

Stolonization, 4S9 

Stomata, 568, 672, .579 

Stomodaeum, 266, 367, 368, 500, 53 s 

Siom'jlophu-*, 524, 528. 629, 536. 537 

Stomotoca, 415, 416, 434, 443, 450 

Stomphidy 587 

Strt bio ma-ftix , 1 1 5 

Streptaster. 297, 3*39 

Strobila, 620, 522, 626 

Strobilation, 519, 522, 528, 629 

Stromatoporida, 497 

Strongyle, ‘297, 298 

St ro ngy lidiurriy 196 

StylarUheca, 452, 463 
StylostcTy 462, 453 

Stylastenna, 370, 3S6, 452, 463, 454, 047 
Stylatuloy 559 
Style, 452, 464 
Styloid gonophore, 4*29, 432 
Stylonychia, 77 , 16S, 176, 1^1. Iv2. 194, 
196 

Stylophora , 610 
StyloifUo, 294 
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Submit*. 234, 345, 349 
Suberitidae, 344, 343,349 

commensal with crabs, 305-306 

Sub+mg<yrpia' 535 

Suberogorgiidae, 555 

Subgenital pits, 500, 501, 303, 507, 519 

Subgenital porticus, 507, 517, 633 

Subgenus. 23 

SublittoraL 80 

Subspecies, 23 

Sub umbrella, 373 

Subumbrellar funnels, 395, 498, 499, 500, 
509 

Suetoris, 48, 202-205 

* 

bibliography, 229-230 
phytogeny, 205 

Suctorial mouths, rhisostomea, 500, 524, 

629 

Sul nil us, 566, 575 
Sulcus, 539, 566, 575 

theory of amoeboid 
ement, 120 

, 75 
Sycalie, 317 
Sycandra, 320 
Syeetta, 315, 316 

Sycon^ 287, 291, 304, 310, 315, 316, 320, 
321, 323 

Syconoid structure, 289-292, 315-317 
Sylleibid structure, 317, 318 
Symbiosis, 81 

(See also Commensalism) 

Symmetry, 4, 11, 18-20 
SymphyQia , 611 

Svmpodial growth, 398, 403, 405, 407, 

408 

Synapse, 397 
Synapsis, 14 
Svnapticula, 603 

Smawyne, 400 , 401, 423, 440, 441, 443 

Syncytium, 5, 6 

Syngamy, 75 

Synkaryon, 76, 173 

Synura, 90, 91 

Systems tics, 22 

SvstoU*, 201 
S viv gy, 145, 146 


Tabula, 450, 461, 603 
Tabula ta, 565, 620 
Tactile combs. 419. 420. 421 


Taxes, 67-69 
Taxonomy, 22-26 
TcoIul, 573-586 
Tec tin, 55, 165, 167 
Tedama, 28T, 344, 351, 337 

Teleology, 15 
Teiestaeea, 371, 348, 548 
TtUsio, 346, 548 
Tdolecithal eggs, 256, 238 
Tekwporidia, 47, 144, 207 
T dotrockuiiuwL, 197, 300 
Tenaculi, 573 
Tentacles, 366, 373 

Actmiaria, 566, 860, 571 
Ctenophora, 004,673,073 
Hydiokia, 400-402, 404 
Hydromedusae, 414, 415, 410 
Madreporaria, 601 
Suctoria, 202 

Tentacular bulb, 414, 415, 417, 449, 
460 

Tentaeulata, 29, 30 
Ctenophora, 663 
Tentaculocyst, 457, 505 
(See also Iithostyie) 

Ten tacuk>*ooid, 373, 409, 410, 426, 
Tentflla, 467, 470, 473, 474 
Termites, flagellates of, 115, 117—118 
Tetkya, 348, 349, 352 
TeHUa, 338,341 

Tetracoralla, 620-621, 623, 624, 639, 
T etrac tinellida, 286, 335-343 
Tetrad, 13, 14 

Tetrameroos symmetry, 368, 373, 
499 

Tetramin, 391 

Tetmmitu*! 113 

Tetraplatuij 466, 467, 468 

Tetraxon spicules, 297-299 

Tetraxonida, 335 

Texas cattle fever, 158 

TexhdariOj 132, 134 

Textul&rid type, Foramimfetm, 131, 



Tkalassictda, 140 
Thalassm, 391 
Thaumantiidae, 445 
TTuntmaxloscyphux, 629, 530 
Theca, corals, 603, J04 

hydra embryo, 436, 438, 440 

Theeaphora, 370 

(See also Oalyptoblaslea) 
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Thecate hy droids, 407 

(See also Caiyptoblastea) 

% 

Theileria, 158, 159 
Theiieriosis, 159 
Thelohania, 162 
Theocarpus . 427, 428, 445 
Thermotaxis, 68 
Thesocytes, 295, 304 
Thorny corals, 625 
Thuia ria , 444 
Tiara , 443 
Tiaridae, 443 
TiaropsiSy 418 , 419, 445 
Ticks, in piroplasmosis, 158 
TiUina, 73, 74 * 185 
Tintinnidae, 164, 193, 194 
Tissues, of invertebrates, 276-282 
Tjalfiella, 677, 684, 686-690 
Tonofibrils, 6 , 8 
Topotaxes, 67, 69 
Tornote, 297, 298 
TracheliuSy 184 , 185 
TrachelomanaSy 99, 100 
Trachyiina, 370, 454—167, 468 
bibliography, 647-648 
development, 457—159, 462 , 463 
phylogeny, 635, 636 
systematic account, 459-464 
Trachy medusae, 370, 386, 454—464 
Trachynemidae, 463 
Transverse axis, 19 , 20, 372 
TreplopktXy 243 
Triactinamyxon , 162, 163 
Triaene, 298 , 299, 337, 338 , 339 
Trial-and-error behavior, 67 
T ribrachum, 336, 338 
Tnchites, 60 , 51, 60 , 83, 169-170, 184 * 
185 

Trichocvsts, 49, 60 
Ciliata, 165-167, 168 
Dmoflageilata, 93, 96 
Trichodina, 82, 199, 200 
TrichomastiXy 113 
Triehomilis , 114 * 115 
T riehornona*, 84 * 89 , 114 , 115, 117 
T rieho ny m pha, 116 , 117 
Trichoplax , 243 
Trxchorhizay 441 
Trichosphaeriumy 130-131 
Tnchostomata, 48, 184 * 185 
Tripedaluiy 614 , 515 


Triploblasti* structure. 254. 2o4 
Tr:py|.-:i, 142, I 5 3 
Trir.tdiate 299 

Tr<* 'hophore. 3). 694 
1 rophc'-onn*, 425 
Tronhozoit^. 144-1 io 
Tropi>ni, 09 

T r v p a r.op In ztnn. 108, 109 
Trypanosome:?. 108, 109-113 
Tsetse in t rypanosornia-is. Ill 

T ubipora. 546, 54*. 617 
Tubular ia . 384, 3S5. 3*6. 400. 401, 404, 
405, 410, 411. 412, 423, 425, 432, 
434, 4 43. 48s. 490, 492 

Tubularian hvdronU innoblt* < 

% 

Tubulariidae, 4 4 M ). 402, 41 1, 434, 43 >. 

441, 449. 635 
Turbinolidae, fV)9 
Turris . 418, 443, 448 
T urritop-iis, 443 

Tylostyle, 297, 298 , 343, 344 * 349 
Tylote, 297, 298 


U 


Ulmaridae, 521 
Umbellula, 559, 660 , 686 
Umbellulidao, 559 
Umbrella, 373 

Undulating membrane, 167, 184 
Undulipods, 58 

Unipolar ingress ion, 261 , 262, 433 
U rceolaria , 199 

Uroeinirum, 171, 184 , 1S5. 188 
UroleptuSy 77, 176, 17S, 196 
Uronychia, 77, 196 
Urostyla, 194 , 196 
Ute. 317 


V 

Vacuolar apparatus, 52, 63-64, 9”. $8, 
171 

Vacuome, 9 
Vaginicola, 201 
Vaginicolidae, 199 
Valkampfia, 72 , 127 
Vampyrella, 127, 128 
Variety, 23 
Vela men y 670, 6*3 
Velar plate, 427, 430 
Velarium, 499. 513. 614 
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r«MU, 391, 396, 467, 469. 473, 479, 480. X 

483, 484, 485 

\ ehim, 373, 413, 421, 433 Xenia, 545, 646, 550, 551, 584 

Venus's flower basket, 336, 338, 330, 333 Xeniklae, 550 
Venus’s girdle, 669 

Veretdlidae, 557 jj 

YcrciiUum y 545. 547, 557, S68, 561 


Vcronfto, 354 


Zamde a, 415, 443 

621 


Virgula, 497 
YirgulariOy 559, 660 
Mrgal&ziidae, 559 
Vitalism. 18 


Zoanthidea, 372, 386, 622-625 
bibliography, 660 
phytogeny, 639, 640, 641 


Volutin. 10, 11. 53 
Volvent, 383 

Vohrocales (mv Phytomooadina) 
Yolvocidae, 104, 105, 106 
Foiior, 87, 105, 106, 359 
Von Baer, laws of. 273, 275 
YurtiaHa, 6, 169, 197, 198, 199 
Vorticellidae, 169, 196, 199 
V osmaeropsi*, 317 


ZooehloieDae, 81 
in Aleyonaxia, 544 
in Hydro, 448 
in PamwteduwL, 81, 171 
in Scyphoaoa, 537 
Zooid, 407 

Zoophyte, 27,28,662 
ZoolkamMiMm, 199, 900, 201-902 
ZooxantheBae, 81, 92, 93, 94 
in Aetmiaiia, 583, 584, 599 


Wageners larva, 240, 241 
Water content, etenophores, 693 
medusae, 382 

protoplasn. 2 

Water current, sponges, 302-303 
Water regulation. Protoaoa. 63-64 
Wiiliniae, 443 


in Alcyonaria, 544, 546 
in Hydroada, 448 
in Madieporaiia, 602, 614-616 
in MiBepora, 451, 452 
in Rariiotaiia, 141 
in Scyphoaoa, 537 
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Zygote, 76 
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